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SUMMARY

The expression of two genes, Sn and Hr, which partially
control the flowering of peas, was examined in several pure genetic
lines. The present study was particularly concerned with the con-
trol of the expression of thesg\genes by environmenial factors (e.g.
light and temperature), the site of zction of the genes and their
possible mode of action, including éimulation of their effects by
growth substances. The genotype of the lines used in the study
was known at two further loci, If and e, the genotypes most freguent-
ly veed being 1f e sn hr, 1f e sn #Hr {(both early floweriung, day
neutral types), 1f e Sn hr, Lf e Sn hr (both late flowering, quanti-
tative long day types) and IF e Su HAr (a qﬁaﬂtitative long day type
showing a substcantial flowering delay in warm short days).

Flowering in peas has been postuliated to be controlled
by the ratio of a flower promotor to a flower inhibitor,; the gene
sn controlling the production of the inhikitor. In the present
study, light from 2 mixed incandescent-fluorescent source eliminated
the difference between genotypeé 1f eVSn hes and 1f e sp hr 1n sone
circumstances. Thisrappears to occur due to a reduction in the
activity of the Sn gene by light. As little as 4 h darkness is
required for the restarting of inhibitor production after the
completion of a long photopexricd (20 h). The genotype 1f e Sn Hr
igs shown to have a critical photopefiod of betweén 12 and 14 h at
17.5%. However, the usefulness of the term ‘critical photoperiod!
is questicned in plants displaying a quantitative response to
photoperiod.

By the use of lights with differing spectral properties,
it appears that light controls the expression of the gene sn
through two reactions, one in which fairly long durations

of far-red light are most effective, and a second



in which short duretions of red light are effective and which
can be partialivy reversed by far-red light. The second
reaction appears to be mediated by phytechrome, the raising of
the Pfr to Pr ratio past a certain point stopping inhibitor

-

production for a certain period (between § and 8 h). This

—

switch cannot operate again until over 12 h have elapse@. n
the firsi reaction it is sugqesfed that far-rad light is

absorbed by some complex in the pathway to inhibitor prcduction
resulting in the breakdown of the complex. Conssqguently, while
illuminated with light of this wavelength, inhibitor production
cannot occur. During these studies no evidence for the part-
icipaticn of endogenous rhythms in the contrcl of the photopericc
response in peas could be found. It is suggested that under
natural conditions the pliotoperiod response of peas is controllec

bv the first light reaction, inhibitor production commencing

fda

soon after the start of each daxrk period. The ratio of
promotor to inhibitor therefore acts as’the timing mechanism
and determines whether flo@ering will oOCCur.

Two sites of the vernalisation response were
indicated during grafting experiments with genotvpes 1f e sa Ar
1f e Sn hr and 1f e Sn Hr, one 1n the scinon (embryonic leaves
or apex) and one in the stock (catyledons). It is suggested
that the cctyledon effect is caused by an increase in the ratio
of promotor to inhibitor produced in the cotyledons during
vernalisation due to a lower temperature coefficient for the
formative reactions of the promotor compared to those of the
inhibitor. The shoot effect is thought to occur due to a
lowering of the threshold of promotor to inhibiter reguired
at the apex for initiation, and possibly also to an alteration

in the rate of the aging processes relative to the plastochronic

age leading to an earlier (nodewise) rise in the ratio of



promotor to inhibitor. The cotyledon effect in genotype
1f e S$n Br gradually becomes more pronounced aé the
temperature is reduced to 3°C and the length of vernalisation
is increased to four weeks. High post-vernalisation temperatures
(e.qg. 30°C) can reverse this effect. The shoot effect was
very stable to normal temperatuires but some devernalisation did
occur at 3GOC, the extent of the devernalisation increasing
as the light intensity was lowered. Plants of genotype
}f e Srn Hr were capable of responding to low temperatures
from the time thev were developing in the pods on the maternal
plant until al least 20 leaves wcre expanded.

Plants of genctypes 1f e Sn hr, I1f e Sn Hr and
1f e 9n hr Were shown to become more sensitive to long day
cycles as they increase in age. This appsared to result from
an Incresase in the ratio of promotor to inhibitor being
exported from each leaf as it became clder. The gene Hr acts
in the leaves to reduce the size of this effect. These results
su?port a previous postulation that sn activity decreases with
age and that the gene Er gpecifically reduces this effect. The
gene Fr also delays the'flowering node in decotyledonised sn
plants under short day conditions but not to any large extent
under long days or in intact plarts. This would zuggest that dr
does not operate in the cotyledons and that tre gene sn is a
leaky mutant as suggested previously, unless another mechanism
for the action of the gene Hr is proposed. The gene Lf
increases the number of long day cycles required to induce
flowering until at least week 5 but does not appear to alter
the rate of the aging Pprocesses. A discussion of the effects
of altering the relaticnship beiween chronological and
physiological age is given.

The use of L6la {(a line of peas having a genotype of



1f e $n hr and with a penetrance of the #r gene of

between 0.4 and 0.6 under normal short dav conditions) as a

- biocassay for compounds affecting flowering is discussed.
Treatments known to alter the ratio of promotér to inhibitor
such as temperature, light and cotyledon removal are shown to
significantly alter the penetrance of the line while alﬁored
rates of growth are shown not to affect this variable. However,
indirect effects on flowering are still observed as changes in
the flowering node of the early and, to a lesser extent, the
late classes. Ethrel was the only chemical tested which sig-

nificantly alterced the penetrance of L6la suggesting that this

a1

chemical can alter either the ratio of promoteor to inhibitor or
the threshold c¢f the flowering hormones required for’flowering.
Further experiments with Ethrel showed that this compound could
significantly delay the flowering node of«mahy other lines.
Howewvey, qulite siqnifibant differences in the siée of this
delay were observed but these could not be correlated with
the genotypes or phenotypes of the lines used. Many of the
effects of Ethrel treatment were similar to those caused by
the gene Sn but measurement by gas chromotography of *he
arcunt of ethylene given off by tlie genotypes If e sn hr and
1f e Sn hr under short day conditions showed no measurable
differences. |

GA; and AMO 1618 caused significant alterations
in the‘flowering node of the penetrant L6la plants. GA3
increased both the flowering node and time to flower
initiation under short day conditions but only the flowering
node under long day conditicns in génotype Lf e Sn hr. 1t
was only effective 1f applied at an early stage of growth. It
was suggested that GA slows down the aging processes within

the plant. However, the gibberellins do not appear to bhe



implicated in the action of the gene #r.

., A general discussion of the relationship of the
present‘results to other work on the control of flowering in
peas is given,along with a model based or woth the precent
reéults and the previous results of other workesrs illustrating
how the genes and environmental conditions are thought to
alter the levels of the floweiring hormones. From thic model
the possible flowering bzehaviour of presently unreported
genotypes under several sets of envircnmental conditions may
be postulated. The model developed for peas is then conpared
with those for other plants, emphasis being placed on the

similarities to models presented for other individual species.



CHAPTER 1
INTRODUCTION

The change from purely vegetative growth to repro-
5uctive growth is one of the major dévelopmental changes a
plant undergoes. Ample evidence exists (Evans, 1969) to show
that, like cther developmental secuences, this change-over is
accurately determined by the interaction of the genotype of the
plant with its environment, The impoxtance of the control by
the external environment varies considerably from speciesz to
species and even frow genotype to genotype within a species
{(Bvans, 1969; Murﬁef, 1971la). Where the egvironmgnt has almost
no effect (at least within the range of envircnments noxmaily
encountered by the plant } the éhangemover appears to be con-
ﬁrolled'primarily by the stage of develcpment of the plant.
Whether the stage of development is determined by the sequence
of events in the apex independently of the rest of the plant
or whether it comes about due to hormonal or metabolic influ-
ences arising in othor parts’of the~plant"is not clear, al-
though in sunflower the latter would appear ﬁo be the case
(Wareing and Phillips, 1970). The two most impoartant @nviroﬁ-:v
mental factors which affect flowering are photoperiod and temp-
erature, although other wvariables such as li§ht intensity and
nutrient status may also play a part. Gassnevw (1918) working
with rye was the first to record the flower promoting eifects
of low temperatures (vernalisation) while Tournois (1914)
working with hops and later Garner and Allard (1920) working
with the Maryland Mammoth stain of tobacco and Peking soy-
beaﬁs éhewed these plants flowered earlier when given short
photoperiods (SD plants). Plants flowering earlier as the
photoperiod was lengthened (LD plants) had already been cohser-

ved although the importance of the photoperiod length had not



been established (eg Klebs, 1913).

nghe physiological mechanism controlling the change-~

over from vegetative to reproductive growth is not fully
understood for any plant. However, there is a considerable
body of evidence suggesting that a graft transmissible hormong(s)

plays an important part in some plants, especially those
which reqguire a ceftain photoperiod before the change can
occur (Kuijper and Wiersum, 1936; Chailahijan and Yarovova,
1937). The participafion of hormones in the onset of flowering
in plants which show little dependence on the environment has
also bgen shown (Murfet,1973b) as well as in plants which
require vernalisation (Melchers, 1937, 1939). It is not clear
whether the same hormone{s) is involved in all plants under
all environmental conditions, although evidence has been pre-
sented to suggest it is similar in some related long day, short day
and day neutral species (Chailahjan, 1937; Moshkov 1937;
Lang, 1965). However, Melchers (1939) has presented strong
evidence from grafting experiments suggesting that the graft
transmissible effects due to photoperiod and vernalisation
are not similar in Maryland-Mammoth tobacco. Strong evidence
of both promotory (Wareing and Phillips, 1970) and inhibitory
substances (Guttiidge, 1959;  Murfet and Reid, 1973} have
been found, lending support to the view taken during this
work (as well as by Barber (1959) and Evans (1969)) that the
mechanism controlling the change from vegetative to floral
growth probably varies from species to species although parts
of the mechanism may be common to most plants (e.g. the part-
icipation of phytochrome in the perception of the photoperiod
length in photoperiodic plants}. For this reason a gstudy of

the control of flowering in a variety of species would seem



worthwhile at least until it is clear which parts of the

mechanism are common to all species.

~ Flowering in Pisum has been studied extensively for
over a century (e.g. Mendel, 1865) and the progress made has
been reviewed twice within the last seven years (Haupt,1969;
Murfet,1976). For this reason only brief comment will be
made here on the present state of our knowledge of this field,
emphasis being placed»oh opinions held by various groups work-
ing in the field and the gaps in our overall knowledge of

flowering in peas.

-~ Several phenotypic classes of peas exist (Marx,1968;
Murfet,l97la) and consequently a knowledge of the genetic
differences between these types is required before a full
understanding of the physiology of flowering can be obtained.
The results obtained by the geneticists can be divided into
two groups; one group using biometrical techniques on plants
grown in the field (e,g. Clay, 1935; Rowlands, 1964; Watts
et al, 1970; Snoad and Arthur, 1973a, 1973b) found that
flowering appeared to be controlled by simple additive polygenic
systems although some dominance for both late (Rowland,b 1964)
and early flewering'(Snoad and Arthur, 1973b)has been réported.
The second gréup used controlled environmenté (?hotoperiod
being the most important) to accentuate the differences
between the phenotypic classes and used Mendelian techniques
to try and separate out individual genes (e.g. Barber, 1959;
Marx, 1968, 196%; Murfet, 1971a, 1971b, 1973a, 1975 ). 'This
second approach has led Murfet to suyggest that there are at
least‘four major loci, 1f, e, sn and hr, concerned with the

control of flowering in peas. As well, several polygenic



systems exist from which further major loci may be isolated
under other environmental conditions.
i

~The study of the physiology of flowering in peas has
been restricted lérgely to investigations of the early and late
cultivars (corresponding to Murfet's ED and L phenotypes
respectively). Three major schools of thought exist on how
thig difference ig maintained. The German school, léd by
Haupt (1969) and Kohler (1965), suggests that the early cultivars
produce a flower promotor which is absent in late cultivars.
An Austiralian group (Paton and Barker 1955 ; Barber, 19593;
Sprent and Barber, 1957; Paton,lQG?, 1968, 1969, 1971; Amcs
‘and Crowden, 1969) favour the oéposite view’namely, that
late cultivars possess a flower inhibitor (whose production
is controlled by the gene Sh) which is not present in early
cultivars; Mﬁrfet (1571b, 19710)‘suggésts that both a prémetor
and an inhibitor exist, the late cultivars containing larger

quantities of the inhibitor.

Murfet (1971b, 1971lc, 1973a, 1975 } has ertended his
experiments to include ail 5 of his phenotypic classes and has
postulated mechanisms by which the alleles at his 4 major
loci may operate. Since my work used his phenotypic classif-
ication and lines, a brief description of his conclusions
_is required} His five phenotypic classes are:-

"ED (early developing): Flowering node and time are unaffected
by photeperiod and are both early under short days. Pure ED
varieties normally flower in the range of nodes 9 to 12.

BEY (early initiating): Flowering node is unaffected by
photoperiod and is normally between nodes 9 and 12 for pure

varieties. Flowering time is however early in long phot-
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periods but late under short photoperiods because of retarded
development or abortion of the first flower buds.

L {late): Flowering node and time are both delayed by short
photoperiods. The flowering node is normally 13-18 in long
photoperiods and 20-35 in short photoperiods.

LHR (late high response): Flowering node and time are similar
to L plants in long photoperiods but are both markedly delayed
by short photoperiods. They normally flower above node 35
under warm short photoperiods.

VEI (very early initiating): Flowering node is very early,
usually in the range of 5 to 8.

The genotype at the four loci,1f, e, sn and hr,determiﬁes to
which phenotypic class a particular plant beloﬁgs,' The genotype
1fe sn hr is ED., Addition of $n creates an L-type. B is
epistatic to s$n in terms of flowering node and 1f E Sn hr

is phenotypically EI. Lf is epistatic to E and genotype

Lf E Sn hr is again L-type. The combinatién of $n Hr confers
the ability to show a very large response to photoperiod and
genotypés 1f e Sn Hr and Lf E/e Sn Hr are phenotypicaily LHR.
Genotypes Lf e sn hr, 1f E sn hr and 1f e sn Hr are basically
ED, Hr conferring some EI tendencies and Lf raising the
flowering node. ‘Two further alleles, 1£7 and Lfd are proposed
for the rf locus, giving a dominance order of afd> Lf‘>lf >1fa
with a coincident decrease in thé flower delaying ability.
From grafting experiments Murfet (1971c, 1973a and 1975 )
suggests that Sn produces a flower inhibitor in the cotyledons
and shoot, this being favoured by short photoperiods; that

E lowers the level of inhibitor in the cotyledons; that as the
series 1£%, 1f, 1f and 1 increases the apical sensitivity

to inhibitor is increased and that Hr delays the apparent

effect of aging on Sn. As well as these four major genes,
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polygenic modifier systems occur which may wvary the flowering
behaviour within or even between these phepotywic groupings

e.g. penetrance modifiers (Murfet, 1971b)j.

The work presented in this thesis attempts to extend
the understanding of the mechanisms of action of the genes.
$n and Hr, primarily by a study of the four genotypes
1f e sn Ar. 1f e &n hr, 1f e sn Hr and 1f e $n Hr. Bince E&n
confers ar ability to respond to beth photoperibé and vernalisation
{(M:rfet and Reid, 1974) the effect of thaese two environumental
varianles as regulatdrs of the activity of sn was studied.
Grafting experiments were also performed to gzin an insight
the site of action of the genes and the environmental
variables., In addition,. experiments were carried ocut to try -
to determine the possible biochemical actions of these genes.
Details of the aims and reasons behind a particular series of
experiments are given in the introductions to the subseqguent

chapters.
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CHAPTER 2
GENERAL MATERIALS AND METHODS
General reference is made to the growing technigues
and experimental procedures which were uscd in more than one of
the chapters. Where specific techniques were used these are

referred to in the relevant experimental chapter.

Growing Covditions

The plants {unless otherwise noted) were grown in
ither 2.,7kg cans, ld4cm slimline vots or plastic tcte bores
in a 1:1 mixture of ﬁew vermiculite and 6mm dolerite chips
and treated with nutriént Solution,{a modi fied Hoaglands

solution until June 1974 and Aquasol thereafter) twice a week.

The change in nutrient type does not appear to have affected the

6¥3

resuits in any significant way. The plants were waterad once

¢

-

a day. The zeeds were normally germinated 2-3¢m kelow the

¢

surfacce of the growth medium. Seeds wete nicked in experiments
involving the gene 4, wvernalisation or chemical treatmont to
the surface of the dry testa in order to facilitate rapid and
even germination. This is especially important if flowering
time (PT) is to be recorded. These conditicns allcowed the

survival of 95-100% of the untreated seads.

The plants were grown in either growth cabinete or
glagshouses. Our controlled environment facilities can be dive-
ided into three types. Firstly, there are facilities to allow
large scale growth of plants under controlled photoperiod con-
ditions, In this facility the plants were grown in a glass-
house on trucks 9m long with supports for plant Zm tall. These
trucks can move in and out of compartments each‘day and were

rormally set to give an €h photoperiod of natural light (SD).



The minimum night temperatuvre was 15°C the maximum being
cccasionally as high as EBOC. However, since Maerch, 1974
refrigeration units have allowed the temperatures in these
compartments to be maintained pexmanan%]y botween 15 and 18°c.

The trucks could remain out of the compartments and the nat-

ural photopericd could be extendad up to 24 h of light each

)

day (LD} by supplyving light at an intensity of 1600 lux at 2w

plant height from a mixed flucrescent-incandescent souzce.

The night temperature in the long day area was maintained above
14%c.  The day temperatures were extremely variable in this
facility as the glasshouse is cooled only by vents. These wore
normally set to open at 239,  saasonal variation in tempexr-
ature and light intensity ceould therefore not be eliminated

whiist using this facility.

Secondly, four 3m x 2m x l.2m cabinets were avail-~
able. Both tem?erature and photoperiod can be accurately'con~
trolled. Light is supplied from a source consisting of 340
watts of fluorescent tubes and 160 watts of incandescent bulbs
This scurce can be raised and lowered and allows ample light
for active growth. The lights were normally set to give 23,500

lux at luom above the ¢rowth medium. 7This used

0
9)
(J
;...)
fi
o
g
%
D

for centrolled photoperiod experiments and to allow for treat-
ments of plants with red (R) and far - red light (FR). In a

nunber of experiments these cabinets were used only‘during the
16h night, plants being moved to Ehe glasshouse for 8h of nat-

ural light.

Thirdily, four small cabinets with both controlled
photoperiod and themmoperiod were available for controlled

rowth during early development. . These cabinets are only



], 4‘m

-25cm high and consequently growth of dwart intact plantg beyond

Characters Recorded

The principlie charactey recorded was the flowering
node (FI) and it is taken in thiz work as the node at which
the Ffirst flower bud is initiated, counting frowm the cotyledons
ag zexo. Data were recorded from the main shoots only. Under
the growing cenditions used laterals rarely developed on piants
exposed to LD but did develop from the lower nodes on plants ex-
pogsed to 8D, Laterals that did develop were regularly removed.
The flowering node was taken ae representing the developmental
stage at which the balance of the flowering hormones first shifted

o

in favour of flowering. It is a robust charvacter which does not

appear readily altered by small fluctuations in the vigour of
plants and is therefore a very useful character. This change
to the reproductive phase need not be finel, reversion to the

vegetative phase occuring frequently in some treatments and

this was also recorded.

The flewering time (I (numbeyr of dsys rfrom sowing

to the opening of the first flower) was also racorded in mdny

fas]

experiments and varies widely between genotypes. It depends
on the flowering ncde, the rate of development of +he flower
buds and the reate of leaf expansion and consequently varies
widely boiwofn treatments which affect the vegetative growth

of the plant. Tor this recason care needs to be used in inter-

preting altevations of T'D as changes in the flowering process.

Other measures of the flowering response are occasion-

ally wmentioned. They ave the pode at which the first open fLOW“



15,

occurs (D), the node at which the first pod is formed (FP)

and the time at whnich initiation occurs. Only the last term

t has caused considerable

ek

warrants further explaenation since

%J.

controversy, Coliing and Wilscn (1974a. 1974%) suggest it

the best measure of the change from vegetative to reproductive
growth. The author feels that this charvacter ig not as reliabkle

a guide as the flowering node since it varieg considerably wich

x

the growth of the plant in a way which does not reflect the

hermonal situation within the plant. For example, vigorous

gself-grafte uvsually show little alteratlicn of the flowering nodo

o

but the time to initiation may be altered. How-

¢

aver, even though the character is

1Lt o score, since
the plants nmust be dissected, it was still used in some experi-
/ i

*

ments concerned with the aging processes in ovder to trxy an

)
il

i

rentiate between and indirect effects on the flowering

process.

The stage of development of plants was estimated lLargely
by recording the number of leavegvexpanded (LE) at a particular
time. This character wag normally measured by tagging the last
open leal at sowe time prior to fleowering. If more accurate

-

estimates of LE were roequirved the decimal system of Maurer et al.
{1966) was used. A better estimate of the developmental stage

f

of plants isg given by finding the total number of nodes (TN) a
1

plant posgesses at a particular time. By dividing the change

in LE or TN values by the length of time between successive
A pt

meagurements an estimate of the rate of growth of the plants

can be found. Since it is inpractical to obtain TN values

in all ewperiments due to time and space reguirements, a typical

set of data showing the valves of L& and TN at various times

.

throughout the growth of a group of L63 plants grown in an 8h
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developed from the crossing programme at Hobart. TLine

photoperiod on the trucks is shown in fig. 2.1l. The number of

nodes in the apex (NA = TN - LE) ls not ceonstant throughout

the growth of the plant, increasing in these data from 6.5 at d
1 to 12 at day 23 and above. Different NA values can aiss occ
between different treatments possessing the same LE value (Reil
and Murrec, 19%74a). Yor this reagon,although the graph is a u
ful guide to the TN valvue cof intact plants at a particuler 1LE,

when exact values of TN were required samnples of experimental

p_;

piants have been dissected., The relationship of both TN anda LE
to chronoclogical age is very variable and depends markedly on
the temperature and the amount of light reaching the plant.

Comment will be made in chapter 5 about the effect of the

ay

11

chronological age and stage of physioclogical development of the

plant on the flowering process. ier TN nor LE plotted
againsi chronoliogical age fiis a perfect linear regression
(fig.2.x.) possibly because small environmmental differences
occurraed (e.g. temperature, light intensity) over the period
of the experiment and secondly, a slight reduction in growth
rate wae observed between days 20 and 30 pogsibly due to the
senescence of the colbyledons. Under the conditionsg used the

length of one plastochron was 2.0 days.

Lvno

3

The pure lines 53, %8, 60, 6la, 63, €64 and 68 were

59, 24

w
(6]

and 51y are single plant selections from commercial Massey, Greei-

feast and Vinco seed respectively. Lines 7 and 8 were obtained

from R, Lamm of Alpnarp . The genotypes, phenotypes and physio-

logical behaviow of these lines have been extensively reported

by Murfet (1967, 1971a, 1871lb, 197lc, 1973a, L973b,1975). The



phenotypes and genctypes at four locl which affect flowering
are tabulated for thege lines in table 2.i. It should be noted
that although several lines possess the same major flowering

genes they differ in their polygenic hackgrounds (e.g. L53 and

Lélay; L68 and L58).

This was carvied ocut by planting the seeds in the .
usual manner and then placing the plants at the vrescribed age
1 g - " 1 o gy . o e ey r}o . X [O Ty iy o) e : g
in the cold room at between 27 and 47°C for the required period.

5

I£ thig wos done as soon as planting was completed the

¥
St

N R

~

=

grew at a vate where 1 day of normal 8D conditions was egulve

alent to 1 week of vernalisation. In euperiments in which

hoth vernalised and

P

po—

differing lengths of vernalisation or

)

unvernalised plants were required, the planting times were norm-

..—l

ally staggered so that at the completion of vernalisation all

plants would be alt approximately the same stage of development.

Grafting and

Graftes between young scilons and young stocks wers done
usi ing the technique dezcribed by Murfet (1971c). Briefly, the
seeds are germin&tﬁ& 3 am below the surface of wet vermiculite
at the r@quircd temperature. The grafts were made on days 4,5
or 6 (for unvernaliged plants) wben the plumules were still
hooked and L - 2 om Jlong. Por vernalised plants grafting

was done at the completion of vernalisation, the plunules again

being 1 - 2 cm long. The stock plant was decapitated just below

1

the apical hook and a gmall band of rubber placed over the stump.

A glit was then made with a scalpel in the stump. The secion plant
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was decapitated just above the cotyledonary Jjunctions and the

.

epicotyl trimmed to form a wedge. This sclon wasg then slipped
into the slit in the stock. A firm union normally formed within
24 h. Any lateraly from the cotyledonary axils were regularly
excised. The grafts could be divided into two groups, vigorous
grafts which began active growth within 10 dayvs of grafting and
attained a similar growth rate to that of the intact controls
therealter and slow grafts which did noi commence active growth
for 2 - 4 weeks after grafting end looked similar o decotyledon-

A%

ised plants. Thesse {we classes of grafts are dealt wilh sep~

avately in the text due to differences in their flowering behav-

e
)
N
o

iour in some clroumstances (Paton . Murfet, 197lc). Coby-
ledon removal was performed at the same developmental stage at
which graftirg was yﬂrformed in the young plants. Grafts using
olde » plants were also performed. 7The technique used was gipilar
to that described above for voung plants, the scion being cut

at the base of the reguired interncﬁ@ and the stock at the top

.

of the interncde. In experiments using plants more than a week
P i K

old at the time of grafting, the grafts were covered with a plastic

I3

bag for up te one month in order to reduce the transpiraticn rate.

Chemical Treagtments

Treatment was normally made by elither dissolving the
chemical at the prescribed concentration in water and placing
approximately 20 ml of the solution in a glass Petri dish
containing a layer of cotton wool and 4 gesds with theilr testae
nicked, or by placing 10;&1 of ethanol containing the correct
amount of chemical on the nicked side of the dry seed and
allowing the ethanol to evaporate. In the first method the

3 1

plants were transplanted onto the gurface of the growine medium
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when the radicals were 1.5 - 3 cm long (days 3-5), while in the
second mnethod the seeds were placed 3 cm balow the surface
of the wet growth medium and allowed to germinate without further

watering for the first 48 h.
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Table 2.1 The phenctypes and genotypesg at fonr loci controlling
flowering are shown for the lines used during the

present study.

LINE NUMBE PHENOTYPE = . v GENOTYPE
7 ' A VEI 1% £ $n br
8 , EI : I1f E 8n hr
24 i Lf e &n hz
51y ED lf B sp Hr#
53 L 1f € 8n hr
58 ED l1f & sn hr
59 ED " 1f E sn hr
60 ~ EBI 1f E 8n hr
bla - EI/L 1f e Sn hr+
63 LHR 1f e Sn Hr
62 ; : ED ¢ : 1f ¢ sn Hr
68 BD if e gn hr

*This line may be heterogeneous at the ¥ lccus.

+This line possesses a polygenic background which lowers
the penetrance of sn to approximately 0.5 under normal 8D
conditions.

¢ This line possesses distinct EI tendencies.
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CHAPTER 3
LIGHT
Determination of the Critical Photoperiod and the Sensitivity

of Genotyves if e Sp hr, L e Sn hr and 1f e Sn Er to Inductive Cycles
at vVarious Ages,

7 INTRODUCTION

Very little detailed data are available in the lit-
erature regarding the 'critical? photopetiod in peas. Barber
(1859), Paton (1968), Mary (1969) and Welilensiek (196%a,1373Db)
all provide data examining the acticn of three widely separated
phefoperiods on both early and late cultivars of peas. The
latter two authors also appear to haVe included cultivsrs which
are capable of a very high reéponge to photoperiod but the
results are incomplete, many treatments not flowering underxr
the experimental conditicns used. The results from late cult~
ivars show a gradual lowering of £he flowering node as the
photoperiod length is increased, the delays becoming larger
as the photoperiod length is decreased towards 8h., These
results are typical cf the responses shown by guantitative
LD plants. $Since genotypes which are capable of a high response
to photoperiod {LHR types) have been the least studied and they
tend towards gualitative LD plants it was decided to study the
flowering behaviour of the LHR genotype I1f e Sn Hr under a

series of photoperiods from 12 to 24h.

Murfet (1971lc) has suggested that the reason thé~
genotype 1f e Sn hr is a quantitative LD plant is that the
activity of the gene sn decreases with age. The gene Hr is
é modifier of $n which possibly acts by reducing this aging
effect (ﬁurfet, 1973a). If the above hypothesis 1s correct
it would be expected that the gene #r and the age cf the plant

would affect the sensitivity of peas to inductive cyclas.
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To examine this questicn the genotypes 1f e Sn hr, 1f e Sn Hr
and Lf e Sn hr were exposed to various numbers of long days.
The Jast genntype was included to see whether the third major
latening gene, »f, affected the aging prbcess and whether its

activity extended into the late flowering r=gion.

MATERIALS AND METHODS

Determination oi the mmber of long day cycles required for flowering:

The results (fig. 3.1) come from two separate experi-
ments due to thé limitations of space undexr controlled phét0w
period conditions. The seeds were germinated 3 cm below the sui-
face of the growing medium and had their cotyledons exposed to the
8h photoperiod after one week. Each week 36 plants of each
genotype were tranferred rfrom short days to continucus lighi.

They were divided into three groups ©f twelve, each group being
given a different number of LD cycles. One LD cycle extended

from 8.30 a.m. one day until 4.30 p.m..the following day {(i.e. 32h
of continucus light). Two oxr more cycles had this basic 32h
stretch of light plus additional multiples of 24h light. The
light source used to extend the natural photoperiod was a mixed

fluorescent~incandescent scurce with an intensity of 1600 s
Ve
pe

lux at plant height. From preliminary experiments it was 4
possible to estimate the number of LD cycles to be given at

each age so that three groups could be expected to span the
region from below 50% flowéring to 100% flowering. This was
successfully done in 17 out of 21 cases. The point plotted in
fig. 3.1 is the number of long days required tc induce either

50% or 100% flowering, the values plotted being interpolated from
the raw data. The actual number of cyéles required for 100%
flowering is contained in Appendix 1. The number of leaves

expanded was recorded at the time of transfer of plants from
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short days to continuous light. From these data regressions
of leaves expanded on time showed that the rate of leaf

expansion was between 1.%4 and 2.63 leaves per week for all

three lines in hoth experiments.

In the first experiment only L63 plants (genotype
1f e Sn Hr)} were tested and the results from this experiment

form the graph for Lé3 from week three onwards. In the

second experiment lines 53 (If ¢ $n hr) énd 24 (Lf e Sn Ar)
were tested as well as a sample of ’L63 plants to be tested at
2,4 and 6 weeks of age. At 4 and 6 weeks the results for L 63
plants were the zame in the two experiments, but at 2 weeks

a small difference occured, the results from the second experi-
ment being used in the drawing of the figufe since these were
more cloegely comparable with the results for lines 57 and 24.
Control plants maintained continuously under either short or long
- photoperiods wer<e also grown in each experiment. The first
experiment was conducted from‘June,till Séptembér of 1973

‘and the second over the same period in 1974. Conseguently,
mean temperatures were approximately the same, the ranve being
from 15 to 19°C for the night and from 14 to 30°C for the day

temperatures.

Determination of the critical photoperiod in genotype 1f e Sn Hr:

'

L63 plantsg were exposed to either 12, 13, 14, 15, 16,
18, 20 or 24h of light each day from the time their shoots
emefged through the surface of the growing medium until day 58.
They were grown in the large cabinets, the light source being a
mixed incandescent-fluorescent source giving an intensity of

23,500 lux. at plant height. Two runsg were necessaryfdue to the
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iack of cabinets, the photoperiods 12,13,14 and 15h being
given in the first run and the photopericds 16, 18, 20 and
24h in the second. Tf the plants had not flowered by day 58
they were transferred to 8D conditioﬁs on the trucks for
about 5 weeks before being transferred to a long photoperiod

on the apron. The results are contained in fig. 3.2.

RESULTS

From fig. 3.1 it can be seen that all three lines
tested show an increacsed sgensitivity to LD/cycles as they
increase in age. The range is from a requirement of over 10
LD cycles to induce ficwering iﬁ 50% of 24 plants after
one week to one LD cycle being sﬁfficient to cause 100%
flowering in L5353 plants after five weeks. This effect is
nost easily considered as a decrease ih the expression of
the gene sn as the plant ages. However, the graphs for lines
24, 53 and 63 are not identical and it is suggested that these
differences largely reflect the action of ths genes Lf and Hr.
It should be noted, however, that the lines possess different
genetic backgrounds and these may also account for some of the
observed differences. The action of gene Lf is indicated‘by
comparing the curves for lines 53 (1f e Sn hr) and 24 (Lf e Sn hr)
L24 requires significantly {at the 0.01 level) more LD cycles
to induce flowering than does L53 which is consistent with the
suggestion that Lf increaées the promotor to inhibitor ratio
required for flowering (Murfet, 1971b,c). This effect is
evident up until at least week 5 (approximately 21 nodes had
been laid down at this stage) indicating that rf is still active
in the late flowering region (flowering nodeg between 17 and 35).
After week 6 both L24 and L53 were fully‘induced by one LD cvcle.

When maintained under SD conditions lines 53 and 24 did not flower
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at significantly different nodes in this exgerimént although
usually (Murfet, 1271a, 1971lc; Murfet and Reid, 1974) 1Lz4
flowers slightly later than L53. These results suggest that L7
deoes not influence he reletionship be&ween plant age and the

activity of the gene sn.

The effect of gene #Hr caﬂnbe seen by comparing the
curves for lines 53 and €3 (1f e Sn Hr). There appears to be
no significant difference in the sensitivity ofrlines 63 and
53 to LD cycles over the first three weeks of growth indicating
that gene Hr has little or no effect until about the fourth
week , Frém thig time onwards the curveé for lines 632 and %3
are markedly different, all line 53 plants flowering by the
seventh week({even under continuous short days) while 67%
of L 63 plants had not flowered on transferral to long days after
14 weeks' growth; This evidence supports the suggestion that the
gene Hr reduces the effect of age on the gene Sn, aliowing‘a
fairlv stable (but inhibitory)rpromotor to inhibhitor ratio to
exist (Murfet, 1973a). As can be seen from fig. 3.1, the
genotyne 1f e Sn Hr is therefore suited to work on the control
of the flowering process since it is very sensitive to changes

in the photoperiod over at least a cix week period.

L53 plants seem to be able to 'remember' that they
were exposed to a non~inductive number of LD Cycles given up
to four weeks previously. This is shown by the fact that plants
not inducéd by a small number of LD cycles during treatment at
wéeks 2,3 and 4 flowered on average 1.96 nodes earlier (significant
at the 0.001 level) than plants given continuous short days. 1In |
.24 plants this difference is 1.02 nodes (not significant). These

results suggest that there is guite a slow turnover of the flower-
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ing hormones.

In Succéssfully induced L63 plants the difference
between the flowering node (FI) and ﬁﬁe nunber of leaves expanded
(LE) at the start of photOuinduction‘decxeased as the number of LD
cycles increased. PFor example, in the eight week tfeatments, one
LD cyecle caused 75% of the plants té flower and the difference
between FI and LE was 14.11 % .31 ncdes. Two LD cycles caused
106% flowering and the difference between FI and LE was reduced

by 1.6 nodes to 12.50 &

.17 (significant at 0.001 level;. There-
fore, although one LD cycle is capable of inducing scme plants

it does not cause as rapid a change in ﬁhe ratio of promotor to
inhibitor at the apex as does two LD cycleé. In treatments that
caused incomplete or'just complete flowering in L63 plants
vegetative reversion was common, reaching 45% in one treatment.
Barber (1959) showsd similar vegetative reversion in the late
cultivar Zelka. This illustrates that on transferral back to
short days the ratio of promotor to inhibitor may again decrease
sufficiently to cause some plants to revert to the vegetative
state. Along with the fact that inhibitor producfion Can
recommence with the onset of each.dark period (Murfet and Reid,
1974) these data support the suggestion by Barber that plioto~
periodic induction is reversible in late cultivars of peas.

This situation azppears similar to that occuring in Glycine max
(Lang, 19€5) but is distinctly different from that reported for the
SD plants Xgpthium and Perilla in which a leaf, once induced,

appears to vemain so almost indefinitely (Zeevaart, 1958).

Amongst plants induced to flower by LD cycles consid-
erable variation occurred in the stage of floral development reach-

ed. Although this variation was not specifically analysed



ot

since the vigour of the plant had a large effect on this develop-
ment, it did appear that those plants with the most developed
flower buds had been exposed to the largest number of LD cycles.
None of the exposures given was suffiéient i0o cause the plants

to senesce, a state which normally occurs rapidly after flowering

in L63 plants exposed to continuous light.

L63 plants show a continucusly increasing delay in
the flowering node as the photoperiod is shortened from 24h
to 14h (fig. 2.2). This respanée is essentially similar t
that observed in many quantitative LD plants including the
late pea cultivar Creenfeast (Paton, 126%). However, in
photoperiods with less than 16h light the delay in L63 1is
much larger than that obseirved in Greenfeast. Under a 12h
photoperiod only 36% of L62 plants had been induced to flower
before the treatment was stopped after 58 days (at which time
25,74%,23 leaves were expanded) while under a 12h photoperiod
10 plants were induced to flower by the treatrent, induction
not occﬁring until after transfer to a long photqperiod~following
the completion of & weeks of £D conditions. These results
sﬁggest no point of discontinuity which is usually associated
with the critical photoperiod in‘many cther plants (e.g.
Xanthium strumarium, Pharbitis nil, Glycine max, Sinépis alba
(Saliébury, 19269; Takimoto, 1969; Hamner, 19%40; Bernier, 1969)).
Instead for initiation to occur the plants require only a longer
period of exposure as the photopefiod is decreased. This view
is reinforced by the cobservation that under similar conditions L63
plants exposed tc a 12h photoperiod will flower provided the
length;of exposure ieg long enough (table 3.9). The response of
L63 to photoperiod is therefore similar to that observed in the

'CERES and Ba 6139-7 strains of ILolium temulentunm (Evans,l95a



1960a; Peterson and Bendix@n,,lQGB); It has not been
gspecifically detormined wh@ther‘the duration of exposure or

the age at which the plants are exposed to a particular photo-.
period is of prime importance althou?h the results relating

to aging would suggest that the latter is probably the case.

DISCUSSION

The decrease in the number of LD cycles required to
induce lines 63, 53 and 24 as the age of the plant increases is
similar to the decreasze shown in the long day plants Lolium
temulentum (Evans, 1960b) and Sinapis aiba (Bernier, 1963).
In peas at least three major genes influence this Sensitivity
to long days. &Sn confers the ability to respond to photoperiod
(Barker, 1959; Murfet, 1971a) and from the'preseht data appears
to decrease in effect as the pnlant ages. Hr blocks this
decreased effect with age from about week 4 while Lf increases
ﬁhe number of LD cyciés required up till at ieast week 5. The
decreasing effect of the sn gene as the plant ages may be
explained‘either by a decrease in the activity of this gene
in the leaves where it would be expected that a gene under
photoperiod control would operate (Murfet, 1971b), by a
drop in the level of promctor, or by a lowering of the ratio
of promotor to inhibitor required at the apex for flowering;
In the regults the first of these élternatives has been
favoured. If the effect is in the leaves each individual
leaf could age (i.e. become more promotory with age) or the
higher the node number of a leaf the more promotdry it may be.
Experiments designed to answer these queStiGns are contained. in
Chapter 5. The site of action of the gene Hr I anticipate to
be the same as the site of th@'aging of gene Sn since Hr is

a specific modifier of Sn, having little effect in the absence
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of sn (Murfet, 1973a). Gene Lf is effective with or without

sn (Murfet and Reid, 1974) and although its si?e of action is
in the shoot (Mu%fet, 19710) it is not known whether the leaveg‘
or dpex are primarily affected. However, the suggestion that
Lf affects the ratic of promotor to inhibitor required at the
apex for flowering (Muxfet, 1971b,z) is consistent Qith the

present data.

Jacobs (1972) has shown that the minimum number of
inductive cycles required to induce complete flowering in‘
Xanthium and Perilla 1s the same as the number of days in &
plastochron and has suggested thqt this phenomenon Ic “fairly
widespread in other species. In the’present experiments the
plastochron for iine 63 plants was 64h (from the regression of
the number of leaves expanded on time), while one LD rycle (32h
of light) was sufficient to induce 100% of plants after 10 weeks’
growth indicating that peas, like Lolium temulentum (Evans, 1960b)
and Sirapis alba (Bernier, 1963, 1966) do not fit into the group

of plants described by Jacobs.

The critical photopericd for long day plants is widely
accepted as the minimum photoperiod in a 24h cycle capable of
inducing flowering. Sometimes it is taken as the photoperiod
capable of inducing 50% of plants (Vince?Prue, 1975) . Whichever
definition is used, the critical photoperiod in 58 day old L63
plants grown at 17.5°C is between 12 and 14h (fig. 3.2). The
critical photoperiod used in this sense would be markedly altered
by the age of the plants used and‘probabiy the growing temperature.
Wellensiek (1973b) has suggested that the term 'critical photo-
period' should not be used in relation to peas and suggested

the term 'critical duration of exposure' as a suitable replace~-



nent in plants showing a quantitative response to photoperiod.
This term is defined as the length of the photoperiod in hours
multiplied by the number of nodes to the first flower, it being
suggested that this figure should be a consgtant, at least over

an intermediate range of'photoperiods (14-17.5h). When applied
to the present results this was not found to occur, wide vavri-
ation in the results occuring over even a restricted range of
photoperiods, suggesting that this term is not Qf general applic—

ation even to other genotypes of peas. Murfet (1976) has sugg-

'

1.

ested that the critical photcoperiod should e redefined in species
which do not show a qualitative response as the photoperiod at
which the rate of change in the response curve is at a maximum.

It would appear that for this definition to be of use the type

of eguation to be fitted to the curve should be defined, since

a meaningful second differential is essential. Subjectively

this pbint would appear to be between 16 and 17h for the present
data. However, I feel there is no need to postulate an under-
lving biochemical discontinuity to account for this apparent
change. I feel that the amount of inhibitor produced under the
different photoperiods used in this experiment is directly proport-
ional te the length of the dark period and that this amount grad-
ually decreases as the plants age. Consequently, if the ratio

of promotor to inhibitor required for flowering is constant the
flowering node would beAexpected to rise more rapidly as the
,photoéeriod is decreased since the threshold would be appfoached
more slowly as the photoperiod becomes shorter. The author agrees
with Wellensiek (1973b) that the term 'critical photoperiod?! is an
unsuitable term when applied té plants which show a gquantitative
response Lo photoperiod, especiallv where the response can be-
markedly affected by the growing temperature and age of the pilants.

However, any attempt at redefinition of the term would appear
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impractical, it beiny considered more important to carefully
define the genotype, temperature, age of plants, etc. from

which the results were obtained.
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The Action of the Genc Sn and the Control of itsg Activity

INTRODUCTION ‘

There has been consid@rablé3¢ontrover5y over whether
flowering in peas is controlled by a flower inhibitor, flcwer pro-
motor oxr both. Recently Murfet (1971b,c) has suggested thst both
occur, Murfet and Reid (1973) pievi@ing strong evidence to
svggest that the gene Sr controls the level c¢f a graft-trans-
missible flower inhibitor. Whether the level of inhibitor is
controlled by the photopericd as suggested by Barber (1959)
and Murrifet {(1971lc) or whether inhibitor produdtion just allows
a differential rate of producticn of a flower prowctor to be
obéerved {Amos, 1974) isg not knowﬁ‘and has been examined using
grafting experiments belween genotypes 1f e sn hr and 1If e Sn hr.
The results suggesied the former view and consequently the question
of whether the level of inhibitor was controlled by differeﬁtial
production (Murfet, 1971lc) or bréakdown (Barber, 1959) was

investigated.

Murfet and Reid (1973) have obtained sbme evidence that
Sn is totally inactivated by continuous light. This evidence
is apparently contradiccea by the fact that under continuous
light plants of genotype 1f e Sn hr are normally 4-6 nodes later
than plants of genotype 1f ¢ sn hr when planted with their coty-~
ledons buried. However, this difference could arise from Sn
activity in the cotyledons which ére normally buried and there-
fore in the dark. This guestion has been specifically chécked
by exposing plants of genotypes 1f e sn hr, 1f e Sn hr and
1f e 8n Hr to continuous light from the start of germination.
The length of the dark periocd required before the sn activity

is observed was also examined using 16, 18 and 20h photoperiods
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as well as continuous light. The only data available on this
point st present are those cf Paton (19¢8) who showed that the
late cv. Greenfeast flowers later under a 16h photoperiod than
under continuous light and those contained in the previous

section on the critical phcotoperiod of L63.

MATERIALS AND METHODS

Suppression of $n Activity by Continuous Light,

EXPERIMENT ]

Thie was a factorial experiment combining two photo-
periods -~ continuous light (P24) and 18h (P18} with two varieties -
lines 58 (1f e sn hr) and 33 {(1f e Sn hr) and the four treatments
C, D6, DO and E described bhelow. PBichteen plants were used per

factorial combination.

Treatment C-contrel. The seed was planted at the normal
depth {2-3cm) and the cotyledons were never exposed. Shoots

emerged on days 7 and 8.

Treatment D6. The seed was germinated under the same
conditions as Treatment C but the cotyledons and shooct were
exposed on day 6. At this time the radicles were 4-~6cm long and

the plumuleg 1-2 cm long.

Treatment DO. The intact seedlings were exposea to the
appropriate photoperiod from the start of germination. The seeds
were germinated in glass Petri dishes between two thin blankets
of wet cotton wool. Sterile conditions were used with 10 seeds
and 20 ml of water per dish. The seedlings were transplanted into
the 3 litre cans (leaving the cotyledons exposed) on days 3 and 4

as their radicles attained a length of approximately'l cm. A1l
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testae were removed. The seedlings were watered frequently for

the first few days and protected by a muslin screen.

Treatmenit E - embryos. The sced was germinated as for
treatment DO and the cotyledons were excised as soon as the seed
had imbibed sufficiently, which was 18-27h from the start of
imbibition. The embryos were cultured on agar sliopes (Whites
Medium) and transferred to the 3 litre cans when they had expanded

+he leaf at node thrae,.

The plants receiveﬁ about 13h of daylight, the remainder
of the photoperiod being supplied by a mixed incandescent-fluore-
scent source giving an intensity of approximately 1600 lux at
plant'height. all treatﬁents spent 18h per day in the main glass-
house chamber with the températdre ranging from 20-28°2. The P18
and P24 treatments entered separate compartments for the remaining
6h in which the temperature was held at 2008. The results are

contained in fig. 3.3,

EXPERIMENT 2

Seeds of lines 58, 53 and 63 (1f e Sn Hr) were germin-
ated on a single layer of wét cotton wool in ¢glass Petri dishesg
and planted out on day 5. They were exposed to 8h of light from
a mixed fluorescent-incandescent source with an intensity of 20000
lux at plant height, followed by 16h bf light from incandéscent
bulbs with an intensity of 100 lux. The resulis are tabulated in

table 3.1. The temperature was 17.5%¢.
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Determination of the Length of a Dark Period Reqguired to Observe
sn Activity.

Lines 24 (Lf e Sn hr), 53’and 58 were exposed to an 8h
natural photopericd and then moved gq dark compartments where
~they were given supplementary light from a mixed incandescent-
fluorescent source with an intensity of 1600 lux at plant height
to complete the photoperiod of 18, 20 or 24h. The plants were
germinated either on a layer of wet cotton wool in Petri dishes
and then transplanted to the surface of the cans on days 4,5 and 6
{i.e. exposed to the photoperiod from the start of germination)
or gerninated 3 cm below the surface of the growing medium
(i.e. cotyledons buried throughout the growth of the plants).
The day temperatures varied between 14 and 33°C and the night
temperatures betwean 15 and 21°C. The results are tabulated in

table 3.3.

The Nature of the Substance Controlling the Photoperiod Response.

This experinent involwed two 1ines, 58 and 53, with
their cotyledons either shadéd or exposed to the photoperiod of
either 8 or 18h from day 5. The plants were either lcft intact,
decotyledonised on day 5, had ieaf 4 shaded from the time it
was fully expanded {L4€n) or were grafted in the combinations
58/53 and 58/58; The grafting was performed on day 5. Some
treatments (58,intact and 53, L4Sh) did not have their cotyledons
exposed to the photoperiod due to space considerations (see
table 3.4). Shading in all treatﬁents was done by wrapping the
relevant organ in aluminium foil. This proved difficult in

graft treatments since the rapid growth of cotyledonary laterals

pushed the foil aside. Plants were therefore checked twice daily
§ to ensure as complete shading as possible, any laterals being

removec. Only vigorous grafts were used in the calculation of the

results which are contained in table 3.4,
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KESULTS

.53 (1f ¢ 8n hr) plants are no later than L58
(1f e sn hr) plants when exposed to cqntinuouS light from the
start of germination under the conditions ve<ad in experiments 1 and
2. (fig. 3.3,treatment F24D0; table 3.1). This indicates that
the difference bhetween genotypes 1f e sn hr and 1f e Sn hr can
be completely eliminated by continucus light, regardless of
whether the light is from a mixed flucrescent—~incandescent source
or from a weak, pure incandescent source. Lb3 (1f e Sn Hr)
rlants are also no later than L58 plants (ox L5353 plants) (table 3.1)
indicating that the gene #r does not significantly delay the
flowering nods when the expression of the gene Sn is suppressed

by continuous light.

The abo&e result for the comparison of lines 53 and
58 was observed consistently the first four times this experi-
ment was performed and was subsequently reported (Murfet and Reid,
1974). However, further experiments usging the same‘techniques
showed inconsistencies in the behaviour of L53, its flowering
node being up to 2.5 nodes latey than L58 (significant at the
0.001 level). A typical sel of results is shown in table 3.2.
Considerable variation occurred amongst the L53 plants. and
it was decided to examine this variation to see whether it was
heritable. Five seeds from cach of the plants in the first sample
of 153 used in table 3.2 wére planted under continuous ligﬁt.
An analysis of variance between the various progenies showed
that significant variation was occuring betwéen the progenies at
the 0.001 level. The regression of the mean flowering node of the
progeny on the parental flowering node was y = 0.21lx + 8.32 and was
significant at the 0.05 level (fig. 3.4). Seed production by

the progeny plants was poor but all available seed from 21 of
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these plants {(number of seeds/plant varied from 1 to 5) was
~grown under an 8h photoperiod. The regression of mean progeny
flowering node on the parental flowering node was y = 1.15x +
10.38 and was significiant at the 0.01 level (fig. 3.5). These
results suggest that L53 is heterogeneous for a polygenic system
affecting the flowering node, the system being active in both
continuous iight and short days. Three of the families of

153 plants grown in continuous light flowered below the mean
flowering node of & sample cof 37 L58 plants grown au thé game
time. Therefore i+ is sucggested that the reason for the incon-

sistencies in the behaviour of L53 grown in continuous light

is this heterogeneity for the system of polygenic modifiers.

Y

It would appear that the earlier experiments used samples of
153 possessing an earlier polygenic background than did the
late:r experiments., Presumably this hetcrcgeneity arose due to
the bulking of the line for physiological experiments before

it was genetically pure. Once heterogeneity iz present in a
line the latest polygenic background is possibly selected, since
the later a plant flowers the larger its yield is normally found
to be. Over several generations this may lead to a build up of
late modifiers in the line as seems to have occourred during the

present study.

The ?revious statement that the genotypes 1f e sn hr
and 1f e Sn hr flower at a similar early node if exposed‘to
continuous light from the start of germination remains valid but
in the light of the above results needs the added qualification -
given an appropriate genetic background. Continuocus light can
clearly cause a marked reduction in the expression of gene 3sna
and the‘results are not incousistent with a statement by Murfet

and Reid (1974) that continuous light completely supresses the
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activity of the genae Sn. However thiis statement cannot be

made unequivoéally until further ervperviments comparing either

sn and sn segregates in a segregating progeny or lines isogenic
except for the clleles s$n and sn are:performed since the crucial
guestion in deciéing whether light fully suppresses the expression
of gene Sn is whether the genotypec I1f ¢ sn hr and 1f e Sn hr
would flower together given identical genetic backgrounds. How
the quantitative system cbserved during this work operates is not
revealed by the present resalts. OSeveral possibilities exist

and it will require a great deal of detailed work to eliminatc

the alternatives.

The length of the dark period required in a 24h cycle

to allow an observable increase in Sn activity appears to be less

[N

than 4h since L5352 plants exposed to a 20h photoperiod floweread

significantly later than the plants exposed to continuous light

(table 3.3) regardless of whether the cotyledons were exposed to
the photoperiod or not (significant at the 0.01 level with the
cotyledons buried and the 0.05 level with the cotyledons exposed).
A similar result was obtained for L63 (fig. 3.2) but in 1L.24 a
significant delay was not observed until an‘l8h photoperiod was
used {(table 3.3). Whether this result with 5L24 reflects a function
of the gene Lf or a difference in the polygenic background bhetween
the lines is uncertain, although the latter view is favoured.

Under some circumstances the differences in the flowering nodes
between plants grown undexy continuous light and 18 of 20h photo~

periods were not significant (e.g. fig., 3.3, 53C and 53D6) and

this probably reflects the slightly different .temperatures used

in the various experiments.

- The data in table 3.3 also confirm several other re#
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reported either in this thesis or elsewhere. Firstly, L24
plants flower substantially later than L5383 plants even under
continuous light (5.4 nodes in this case) and this, at least
partly, reflects the effect of gene Lf (Mrrfet and Reid, 1974).
Secondly, L58 plants germinated in continuous light flowered
1.5 noder later than plants germinated 3cm below the surface

of the growing medium. This effect has been examined in detail

in chapter 7.

In table 3.4 the short-dav grafits 58/53 flowered over
4 nodes later than intact L58 plants. This delay cannot be
attributed to either the abaence'of .58 cotyledons or the act
of grafting itself (58/58) even though self-grafting has caused
a'significant delay; Those results point strongly towards a
positive delayving action by the L53 cotyledons (If e $n hr)
which may be attributed to the formation of a graft-transmissible
inhibitor by the sn gene under SD. This delaying effect is
lacking under the 18h photoperiod, supporting the earlier finding
that the expression of the gene $n is suppressed in long photo-
periocds. These results have heen discussed in depth by Murfet

and Reid (1873).

"It is possible that the photoperiod response is caused
by the differential production of a flowering stimulus in the
shoot (as suggested by Amos, 1974) and that’this differenée is
only observed in plants capable of inhibitor production. However
under continous light (fig. 3.3) the difference between the
flowering nodes for liﬁes 53 and 58 falls from 5 nedes, where
the cotyledons are buried in the usual manner, to 2 nodes where
the cotyledcons and plumule are exposed from day 6, to zexre¢ where

the cotyledons and plumule have been exposed to light from the
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start of germination. It is cleairr that the difference iﬁ
flowering node is directly related to the periodkthe cotyledons
and plumule have spent in darkness. Sincé there ig strong
evidence in favour of the delay by stocks ~f genotype 1r e 8n hr
being caused by a flower inhibitor it seems most likely that the
production of the inhibitor is under photoperiod controi. This is
supported by the fact that the 58/53 grafts exposed (including their
caﬁylédoﬁs) to an 18h photoperiod flower cignificantly earlier

(at the 0.0 level) than those grafts with their cotvledons kept
in the dark, implving that the shoots cannct be responsible for the
photoperiod effect. The 5 node difference between lines 53 and 58
when planted in the usual manner in LD therefore appears to be

due to dark~formed inhibitor produced by the Sn gene in the
cotyledons. EBvidence suggesting that light renders sa ineffective
by suppressing &n activity r-ther than by destroying the flower
inhibitor produced by Sn is as follows. The flowering node of the
intact L53 LD plants is only slightly less than the value of 14.94
which was obtained for the graft of 58/53 in which the scions

were grown under short days and the cotyledons of the stock

were kept in darkness. This indicates that continuous exposure

to light has not led to the destruction of inhibitor in the L53
shoots, since the delay in each case represents the inhibitor
contributed by one set of L53 cotyledons. It also follows that
the inhibitor responsible for delaying 1f shoots above node 15

(e.g. 53 8D) must be produced in the shoot itself.

If leaf 4 1s kept in complete darkness while the rest
of the shoot is exposed to an 18h photoperiod (table 3.4) the
flowering node is delayed (significant at the 0.05 level). This

result supports the suggestion that inhibitor is produced in the

shoot as well as in the cotyledons {(Murfet, 1973b) and illustrates
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that the leaves have the ability to perceive the photoperiod. IEf
the rest of the plant is exposed to SD, shading of leaf 4 causes

a small but insignificant delay. This delay 1is probably not
significant because initiation does not cccur till much later
(approximately 6 ncdes) and secondly,because a large quantity of
inhibitor would already be present. Expcsure of the cotyledons in
SD resulted in a small, but significant (at the 0.01 level) delay
in the flowering node of L53 plants. This delay is not compatible
with the previous interpretation of the results and it is suggested
that it was due tc the more vigorous growth of the plahts with
their cotyledons exposed. Vigerous growth has been shown pre-
viougly td delay the flowering node of late cultivars under 8D

cenditions {(Reid and Murfet, 1974).

DISCLSSTION

It is now clear that sn»n is active in koth the coty~-

ledons and the shoot (leaves?) of genotype I1f e Sn hr and that

in both areas the activity is sensitive to light. Paton (1571)
has also noted the competence of the cotyledons of the late  cv.
Greenfzast to function as foliage leaves. In Greenfeast sens-
itivity to photoperiod was not achieved before the 4th day with
full competence developing between the 4th and 7th days. The
present results with genotype If e Sn hr suggest that the coty-
ledons are sensitive to light, at least on some genetic back-
grounds, from the time Sn activity is possible. However, in the
absence of treatments between day 0 and day 6 it is not possible
to say when $n activity commences. Paton {(1969) is uncertain of
a relationship between a flower inhibitor in peas and the reséonse
to photoperiod but the present evidence definitely indicates Sn
as the cause of a photoperiod response and if the evidence that

sn forms a flower inhibitor (Muxfet and Reid, 1973) is accepted,
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we are drawn to the conclusion that inhibitor is directly con-
cerned in the photoperiod response. The pvresent work shows that
photoperiod i regulating $n activitylrather than long days
destroying inhibitor as suggested by Barber (1959). Further

Sn activity appears to start soon after dark (at least less

than 4h in lines 53 and 63) even though it may not be obszerved
under some circumstances until longer dark periods are used since
the promotor to inhibitor ratic may be well away from the threshold
for flowering. The length of the preceding light period may
effect the time after dark at which &n activity begins. This
problem along with questions on how the regulation of $n activity
is achievéd have been examined in the following section and the
results presented here only appear valid if fairly long light

periods {e.g. 18 - 20h) arce used.
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The Bffects ¢f Tight Quality and Quantity on the Flowering of
Genotype If e Sn Hr.

INTRODUCTION

The control of the photoperibd response in long day
plants has been studied extensively (see reviews by Evans, 1971
and Vince, 1972). However, since the ability tec respond to
photoperiod is extremely variable, ewen within genera, as shown
by the number of genera and even species which contain repreaenté
atives of long dayv, day neutral and short day types (e.g.
Themeda austraiis,; Bvans and Knox, 1969) it would seem unlikely
that exactly the same mechanism would have evolved in the separate
plant groupes. Certainly the one pigrient, phytochrome, appears
to be implicated in all species, élthcugh even here the so-called
high energy responses (Bor:hwick et al., 1968) have not been
shown conclusively to have their action through this pigment.
Variation in the responses to light breaks in the middle of the
long night and to photoperiod extensions with blue light do cccur
within long day plants as do the wide afray of responses to |
applications of the various growth regulating substances sugg-
esting that differing mechanioms may occur. In general, light
containing & mixture of red and far-red light is most effective
in causing flowering of long day plants, the most effective
ratio depending on the length of the exposure and time during
the ¢ycle at which it is given (Vince, 1972). Both Vince and
Evans‘(l9?l) explain this by suggesting that there are reactions
regquiring both high and low amounts of Pfr. Schneider et al.
(1967) suggest that two photoreactions occur, one thfough
phytochrome and one which has an action spectrum between 710-720 nm
and which Borthwick et al. (1968) suggest may ke caused by the
photo~digsociation of a Pfr ~ substrate complex. This second

reaction falls into the class known as high energy reactions (HER).
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Pigsum contains representatives of both‘lcng day and
day neutral types of plants. In the late p=a cultivar GW,
which is a guantitative long day plant, Nokamura (1965) showed
that a 1lh light break from a mixed flucres~ent —incandescent
source in the middle of a 16h night, caused a promotion of the
flowering node, illustrating that a true photoperiod response
occurs in peas. Marx (1969) found that a 6h extension of the 9h
main photoperiod of natural light with "TL" No. 32 fluorescent
tubes did not result in a promotion of the flowering node to the
same extent in his G-type cultivar, 1326, as did natural 15h days or
a phctaperiod extension with mercury vapour lamps plus incan-
deascent bulbs. He suggested that the differing response arcse
because of the different light qualities involved. The present
study was &esigned to find which wavelengths and intensities of
light were most effective in promoting the flowering node of peas
when used as either night breaks or photoperiod extensions,
The genotype 1f e Sn dr was used exclusively through the work
since it has previously been shown to be very sensitive to light
over a relatively long pericd. It was hoped that since the gene
sn confers the ability to respond to photoperiod on peas this
work would reveal further information on the control of the
activity of the gene sn by light. The results were also analysed
fo show whether a relationship exists between the control of
flowering in peas and endogenous rhythms as suggested by Blinning

(1936).

MATERI}QLS AND METHODS

Seeds were planted 2 to 3cm below the surface of the
growth medium, L63 (1f e Sn Hr) being used in all experiments.
The plants in experiments 1 to 8, with the exception of those

given continuous white light, received an 8h photoperiod of
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natural light and were then moved to dark compartments where

they received various combinations of darkness and light from
sources witin known intensity and spectral properties (see tables
3.5 and 3.6). The plants given continucus white light received
natural light extended to 24h with light from a mixed fluorescent-
incandescent source, giving an intensity of approximately 1600
lux at piant height. Twenty-~four plants were planted in all
treatments, with the exception of the continuous light and 16h
dark treatments. The number of scoreable plants in each treat-
ment is indicated in the relevant teble of results. Impenetrant
plants were excluded from the results in all experiments since
they behaved as day neutral plants (with respect to the flowering
node). For a discussion of the characteristics of these plants

see Murfet (1971la, 1973a,b).

Red light was obtained by filtefing light from Mazda
white fluoreccent tubes through one 3mm 1ayer of red 400 perspex,
and had an intensity of 20 ]uW/cm2 at the top of the growth
medium unless cotherwise stated. Far-red light was obtained
by filtering light from a 100 W pearl incandescent bulb through
a 10cm laver of water, 3mm of glass and 3mm of FRF 700 plexiglas
and had an intensity of 180 Pw/cmz. Blue light was obtained by
filtering light from Mazda white fluorescent tubes thrcough a Zmm
layer of blue perspex and had an intensity of 16 pW/cmZ. The
ambunﬁ of red and far-red light in this source was below the
level of detection by our techniqgues. Light sources with diff-
erent svectral outputs were obtained by using Mazda pearl
incandescent bulbs, Philips PF712 bulbs, Sylvania gro-lux tubes
and Mazda white fluorescent tubes. The Phiiips PF712 bulbs and
the grdwlux tubes have similar red to»farmred ratios to the incan-

descent bulbs and white fluorescent tubes respectively but have
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increased proportions of their output above &0¢0nm. The light
intensities for these sources with differing spectral compositions
were measured using a H@Wlettbpadqudéradiant flux meter and det~
ector which gives a flat response over the wavelength range of
3006 to 3000nm. The percentage’of red to red plus far-red light
in the sources was deternined by measuring thé amoun£ of licht
tramsmitted by Schott AL band filters of wavelengths 657nm & 7Z8nm.
The ratio of the iﬁténsiﬁy at 657nm to the intensity at 728nm
plus 657nm for the various sources arce given in table 3.5.
It should bc noted that these results were found to vary by at
least 2% depending on the age of the tubes or bulbs. Where only
mixedhincandescentmfluxoescent sources wexe;used, the light
;nteﬂéiéiés were'ﬁeasured nsing a simple light meter which
measures the output only in the visible wavelengths. This
}seemed more reliable in these circumstances due to the high
output of infrared radiation in the locality of the incandescent
bulbs and the consaquent difficulty in obtaining a true reading
with the flux meter.

In all experimeants, except numberé 3, 6‘and 7 oan tgble
3.6 and numbers 9, 10 and il in table 3.9, the plants were
exposed to the various combinations of light treatments indicated
in tables 3.6, 3.7, 3.8, 3.9 and 3.10 and fig. 3.6, from the time
the plumules broke the surface of the growing medium. In exper-
iments 3, 6 and 7 the plants were grown in SD conditions for 20
days before transfer to the approvriate conditions (the number of
leaves expanded being 6 to 7), while in experiments 9, 10 and 11
the times of transfer to the experimental conditions are indicated
in table 3.9. All plants were then exposed to the appropriate
conditions until the age (from start of germination) indicated in

the appropriate table of results. After this time the plants/with
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the exception of those given continuous light in table 3.8, were
either transferrcd to the general glasshouse 1f flower buds

were obhservable in all plants of a particular treatment, or
returned to an 8h photoperiod for between 23 and 30 days and then
to the apron to mature. By this latter treatment it was possible
to determine whether or not the treatment had,in fact,caused
floral initietion. In treatments wihcre between 0 and 100%
flowering was observed the mean flowering nodes are of little
vaiue in the analysis of results Siﬁcefthey are computed on

the total scorcable plants. Where relevant the mean ﬁlowéring

node of the plants induced by the treatment is given in the text.

In the experiment using the 16h extensions with
fluorescent and gro-lux trbes (table 2.8) the piants recelved one
LD cyele (32h of light) befor- transf@rAto SD at the completion
of the experimental treatment. (At this stage twelve leaves
were expanded and by dissection the total number of nodes was
23,50+ .29). This probably induced any plante that had not

already flowered in these two treatments.

Plants given cycle lengths other than 24h or involving
a 4h main photoperiod (tables 3.9 and 3.10) received only avt-
ificial light from a source consisting of 6 x 40 W cool white
Mazda fluorescent tubes and 4 x 40 W pearl incandescent bulbs
with a total intensity of approximatély 23,500 lux at planﬁ
height. Details of the cycle lengths are contained in the
relevant table of reéults. Due to the length of some cycles
some treatments in experiment 10 were completed at slightly
~different times (See table 3.9). Whére no treatments in an
experiment flowered under the experimental conditions, the

experiment was concluded by exposing plants to several LD
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cycles. It was hoped that this process would allow the separa-
tion of treatments possessing sub-threshold promotor to inhibitor
ratios (see table 3.10)., In all these experiments (tables 3.9

o
and 3.10) the temperature was 17.5 C.

RESULTS

From table 3.6 (experiment 1) it can be;seen that a
léh extension of an fh photeoperiod with far-red light causes
flowering about 10 nodes =sarlier than a similar treatment with
red light. Red light is promotory when comparved with blue light,
which had no effect, the plants not flowering until after transfer

to LD conditiong. When a 2h Light break was given in the middle

6

of a 16h night, far-ved light had no effect (table 3.6,experiu
ment 2). Plants given a2h red light break flowered 27 nodes
earlier than che 8D controls, out were still 9 nodes later than
plants inen continuous white light. Plants given a hight break
of red light (in experiment 2) flowered 4 nodes earlier than
“plants given a l6h extension with red light (in experiment 1).
These results would suggest at least two actions of light in

controliing the flowering node of veas, one in which far-red

light is most active and long exposures are required and a

second, in which red Jlight is active and short durations only

are required.

When lh of red light was given for the hour before the
middle of a l6hvnight, flowering was again promoted (table 3.6,
experiment 3). Two hours of far-red light given in the 2h
after theumiddle of the night resulted in 6 plants being induced
and 18 not being induced before transfer back to SD for development.
After transferal to LD conditions for maturing, the other 18 plants

flowered, resulting in a bimodal distribution of the flowering
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nodes for this treatment, the mean for all 24 plants’being éhown

in table 3.6 (experiment 3) along with the percentage caused to
flower by the treatment. The six early plants had a mean flowering
node of 32.00t 0.f¢ while the other 18 plants had a mean flowering
node 55.89% 0.79, which is not significantly different from the

SD control plants. When 1lh of red light was followed by 2h of
far-red light the flowering node was delayed by 3.6£5 nodes, when
compared tc the plants given only lh of red light (significant

at the 0.003 level}. These plants did not flower at a significant-
ly different node to the six plants that flowered under 2ﬁ of far-
red light. It therefore appears that the reaction to a niqht_bréak
of yed light is partially reversible by far-red light. This would
suggest that phytochrome is involved in at least one .0of the
reactions which controls the response to photoperiod in peas.

The —eason six plants flowered in respon$€ to 2h of far-red light
is possibly because the plants are becoming so sensitive to light
by the time 32 nodes have beeg laid down (szee p76), that 2h

of far-red light each night results in flowering via the reaction
~in which far-red light is most active. It could not be working
through the reaction in which red light is active since far-red

light is inhibitory to this action of red light.

If red light is given for the second &h ¢f a 1éh

knight period 100% flowering is caused with a mean flowering node
of 21.1 (table73.6, experiment 4). This flowering node is sign~
ificantly lower (at the 0.001 level) than that observed in plants
given either continuous red light or a 1 or 2h red light break

iﬁ the middle of a 1l6h night pericd. However, caution needs

to be used in the interpretation of’these differences since the
results came from separate experiments. If 8h of far-red light

is given during the first 8h of a 16h night 30% flowering results.



Eight hours of far-~sed light followed by 8h c¢f red light resulted
in 100% flowering, with a mean'i;l nodes earlier than those plant
given 8h dark followed by 8h red light (significant at the 0.001
level). Eight hours ved light followed by 8h dark resulted in
11% of plants being induced (experiment 5)}. Therefore, even
though the results came from 2 separate experiments;-it appears
that 8h red light in the second half of the night is highly
promotory while 8h in the first half of the night is only
slightly promotory. Eight hours far-red Light followed by 8h
dark caused only 53% of plants to flower, the flowering node

of these 9 plants being 33,78t 1.13, while 8h dark followed by
8h farwreﬁ light caused 100% of plants to flower, with a mean of
25.?li.67‘(experiment 6). If the 8h of far-red light was given
in the middle of the 16h night, 100% of plants werc induced to
flower at a mean of 29.24f. 3. Tt thercfore appears -~hat 8h

of far-red light is more promotory the later in a 16h night

that it is given, Flants given 8h of red light followed by 8h
far-red light behaved similarly to plants given 8h red light and
dark (experiment 5), and had a reduced percentage of flowering
when compared to plants given 8h dark plus 8h of far-red light
Y(siggificant at the 0.001 level}. This may not be a true null
effect of the far-red light in the 8h red, 8h far-red treatment,
since the far-red light broke down on 4 nights out of the total

of 30 days treatment. This result needs further clarification.

The minimum length of the red light break reguired in
the middle of the night to induce flowering is less than fifteen
minutes (table 3.6, experiment 7). The intensity of red light
required is very low,lpwfcmz being sufficient to induce 100%
flowering when given as a 2h night break {(table 3f7), However,

there is an interacticon between the intensity required and the

S

8h



duration of the break (table 3.6, experiment 7} suggesting that
a certain guantity of light needs to be received before the
break is effective. Althouvgh lpw/cmzkcaused 10G6% fiowering,

the flowering node observed was significantly higher than in the
5pW/cm2 treatment (significant at the 0.001 level). The three
higher intensities did not give significantly different results

{table 3.7).

Tha intensity of light regquired tc be effective as
a 1l¢ch photoperioﬁ extengion was shown to be less than 6OFW/cm2
éf incandescent light. However, a significant decrease in the
flowering node (at the 0.001 level) was cobserved as the intensity
was increased (table 3.7), Philips PF 712 bulbs, incandescent
bulbs and white fluorescent and gro-~lux tubes were all effective
in causing flowering, whether given as a 16h photoperiod extension
after éh of natural light or as 2h light breaks in the middlie
cf a 16h night (table 3.8). However, they were not equally
promotory, incandescent bulbs being significantly {at the 0.001
level) more promotory than Philips PF712 bulbs which were more
promotory {(at the $0.001 level) than fluorescent or gro~lux
tubes under both sets of conditions. The fluorescent and gro-
lux tubes did not yield significantly different results whether .
used as photéperiod extensions or night breaks, but the results
for the vhotoperiod extension experiment are suspect for these
two sources due to the plants éccidentally recelving one LD
cycle {(see Materials and Methods). The difference between the
results for Philips PF712 and incandescent bubls, when ¢iven as
photoperiod extensions, could have been due to an intensity
difference, although this seems unlikely since the intensities
used were sub$tantial in both cases. Comparison of the intensities

between the bulbs and tubes is invalid due to the high cutput of
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infra~red radiation by the former. However, the intensities

used appear to be almost saturating.

The 1ength of the dark pericd required before a light

break given during a 16h dark period is eiffective, appears to
be between 4 and 5h (fig. 3.6). If continued growth under the
conditions was possible a smaller 1ength of time may be required
due to the increased sensitivity of L63 plants to light as they
age (chapter 3). However, 5h darkness before the 1ight break
is not as effective as 6 or 8h, since, although all three treat-
ments caused 100% flowering, the flowering node was significantly
lewer (at ﬁhe 0.001 level) for the 6 and 8h treatments. Possibly
of more cignificance is the fact that a period of over 12h
is required after the start of a light period before a light
breaj. is effective in promoting flowering. This occurs whether
the main photoperiod is of 8h (fig. 3.6) or 4h (table 3.9, exp-
eriment 11) duration and suggests that the start of a photo-
period in scme way makes the plant unresponsive to further light
breaks for é certain period. Howevexr, the size of the promotion
by the light break is reduéed when the photoperiod is reduced from

to 4h (significant at the 0.001 level), suggesting that the
extra light is still capable of an observable rromotory effect

once the light break becomes effective.

In experiment 8 (table 3.6) the length of the dérk
period required before a night break can be effective was
examinéd by exposing plants to an 8h photoperiod of white light
followed by either 0, 2, 4 or 6h of red light before being’
exposed to 2h of red light from the fourteenth hour after the
start of the main photoperiod. ,Thekresults suggest that a dark

period of greater than 2h is required before the night break can



be effective, since the 2R 4D 2R 8D treatment is significantly
more promotory {(at the 0.001 level) than either the 8R 8D or

4R 2D 2R 8D treatments. The last two treatments are not sig-
nificantly different. The reason thét the 5D 2R 8D treatment is
significantly earlier than the ZR 4D 2R 4D treatment (at the 0.001
level) 5éin0t‘clear, although it isrpossible that 45 of darkness
is just on the threshold of being long enough for a night break

to be effective and that this varies slightly as the plant ages.

Varying the length of the dark period from 12 to 60h
whilst retaining a constant 12h photoperiod, did not show any
rhytbmic variation in the flowering behaviour of L63 (table 3.9,
experiment 10) as has been shown to occur in the LD plant

Hyocyamus niger by Hsu and Hamner (1967). With dark periods

2

of 24 to 60h no flowering was induces in any of the rlants.

In the 12h dark treatment 81% of the plants were induced by the
treatment, indicating that even a 12h photopefiod can cause
induction of L63 plants, provided it is given at an age where the
plants are sensitive enough to respond. A 12h dark period would
be expectad to be one ¢f the most inhibitocry conditionz if a
rhythm was occurring. If the length of both the light and the
dark period are varied (from 12 light: 12 dark to 24:24 and
36:36) a substantially different result is observed (table 3.9,’
experiment 9). Exp@suré of plants to a 12h light and 12h dark
'period produced 15% flowering whereas both the 24 and 36h treat-
ments produced 100% flowering. This result would not indicate
any firm evidence for an endogenous rhythm occurring in peas
since the 24 and 36h treatments had almost identical effects.

It would however, suggest that either less inhihitor is produced
during 24 and 36h of continuous darkness, than in 2 or 3 twelve

hour periods of darkness respectively, (consistent with what
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would be expected if a rhythm was occuring ) or else that during
241 and 36h of coniinuous light the ratio cof the flowering
hormones can be Shifted‘sufficiently to allow induction to

occur before the next period of darkness conmences. The author
favours the latter view since it has been shown that L63 can

be induced by one LD cycle (32h of light) (page 76) . The
difference between the results for the 12h light: 12h dark
treatments in experiments 9 and 10 was due to the longer duration
of the treatment and the older age of plants at its completion

in expsriment 10.

The results in table 3.10 show that plants recciving

different sub-threshold conditions for flowering can be separated

oy

y exposing them to a number of LD cycles and recording the per-

©

centage of plantg induced in wach treatment. Thisg test system
is therefore suitable for comparing promotor to inhibitor ratios
in plants where this would normally be hidden if the plants were
grown continuously under the experimental conditions. Further,
the results in table 3.10 show noe rhythm in the sensitivity of
L63 plants to a 2h light interruption of a 38h dark period‘since
the 10L 12D 2T, 24D and 10L 24D 2L 12D treatments are not sig-
nificantly different. If the light break is given arfter 30h
darkness (10L 30D 2L 6D) it is less promotory than after 12h
darkness (not Significant)'and 24h darkness (significant at the
0.05 level), butkmore promotory than if it is given in coﬁjunction
with the main 10h photoperiod (treatment 121 36D) (significant at
the 0.01 level). Theréfore,‘although the results display no
rhythm as has been observed in Hyoscyamus niger (Hsu and Hamner,
1967) and Sinapis alba (Kinet et al., 1973) they do show that a
light interruption of a long dark period does increase the

promotor to inhibitor ratio when compared to plants given the
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extra light in conjunction with the main photoperiod. This
result is similar to those found when a 16h dark period is
interrupted by a night break and is thought to act by the

same mnechanism.

DISCUSSION

The results inéicate th1£ 2 reactions are involved in
the control of the photoperiod response in L63. The first re-
action requires long durations of light and is optimally expressed
when the light source possesses a high proportion of far-red
light, although red light does have a small effect. A possible
explenation of the reaction is that a complex of some type i3
formed prior to inhibitor proddction. If this complex is
broken down on illumination with wavelenaths between 700 and 730nm
continuous illumination with wavelengths in this region would res-
ult in the inhibition of inhibitor production. Red light and
fluorescent light appear slightly effective in this reactién
and this could be caused by the small amount of energy within the
critical range of wavelengths that are produced by these sources.
On pace 40 1t has been sho&n that lese than 4h of darkness in
a 24h photocycle will result in an inhibiticn of the flowering
node in plants of genoty?e if e Sn Hr. This would support the
above explanation, since the time for which inhibitor production
is stopped by the start of the photoperiod would have elapsed
(see second reaction) and inhibitor production would therefore
start as soon as the breaking down of the complex by the far-

red wavelengths had ceased.

The second reaction 1s sensitive to red light and only
requires a short night break (as little as 15 minutes) to cause a

large promotion of the flowering node. The night break is only
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effective if §iven at least 13h after the start of the previous
photoperiod and at least the last 2h of this  period must be

in darkness. The‘effectvof a lh night break of red light can

be partially reversed by far-red light;' These results suggest
that this reaction is controlled by phyvtochrome and that the

ratio cf Pfr/Pr needs to be raised above a certain threshold for
flowering to occur. For this switch type mechanism tc Operate

a period of darkhess prior to exposure to red light is required
for the Pfr/Pr ratio to fall tc a level kelow the threshold.

The present results suggest that a dark period of bhetween 2 and 4h
is réquired and this agrees well With the results of Furuya and
Hillman (1964) who shcowed by Spectrophotématric neans in vive

thét about 80% of the initial Pfr‘fcrmed by exposure of pea
seedlings to red light had disappeared after 2h davkness and cover
902 after 4h darkness. All types‘of lights used in the présent
experimente, except the farwfed liqht, allow the Pfr/Pr ratio

to increase above the threshold and conseguently cauée flowering.
It would appear that the ratio of Pfr/Fr needed to allow flowering
is therefore between the level formed by far-red light and the
Philips PF712 bulb. The ratio of Pfr/Ptotal formed by a far-red
source of the type used is about 1% and for the Philips bulb is
prchably 50~60% if the results of Borthwick et al. (1969) are
assumed to be applicéble. Unfortunately it was not possible during
the course of the pregent study to obtain light sources giving
stable Pfr/Ptbtal’ratios between’these levels, After tﬁe threshold
of Pfr/Pr required for flowering is passed it appears that
inhibitor production (controlled by the sn gene) cannot commence
for a certain period of time (or at least cannot proceed at the
previous rate), since only a short period of red light is required
to cause a large promotion of the flowering node. The length of

this period is substantially shortexr than the lBh'required after



the start of a photoperiod before a night break is effective,
since both Barber (1959) and Haupt (1969) pave shown an 8h
photoperiod to be more inhibitory than a 12h photoperiod in L
types of peas. The results in fig. 3.6 shov that a 2h break in
a 16h night is more effective (although not statistically esig-
nificant) when given after 8h darkness than after 10h. This may
suggest that inhibitor precduction i3 turned off for over 4h
after the completion of the night break, or possibly of more
irmrortance, for over €6h from the start of the night break. The
results in fig. 3.6 suggest the maximum poericd that inhibitor
production would be stopped could be little more than 8h from
the start of the light break, although & more accurate technique
would be required to specify the length of the period precisely.
The reason why night breaks after % and 6h darkness are not as
effective as those after 8h in not clear. It might be expected
that night breaks with red light after 5 and 6h darkness would ke
as effgctive as those after 8h darkness, since once sufficient
time had elapsed from the start of the main photoperiod for the
plants to respond to night breaks they would cause the same
effacf (provided the next main photoperiod did not start until
the night break had had its full effect). Similarly, it might
be expected that 8h of far-red light would have a similar effect,
regardless of when it was given in a 16h night, if it is assumed
that the start of the main photoperiod prevents inhibitor pro-
duction for a period of leés than 8h. In neither case was‘thig
observed, the light being more effective when given later in the
léh ﬁight. A possible explanation is that although inhibitor
production is possible between 6 and 8h after the start of the
photoperiod this ability dees not reach a maximum until some
time later. Whether it reaches a plateau or is rhythmic in its

behavionr is not indicated by these results.
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The resulis which show that an &h photoperiod is more
promotory than a £éh photoperiod (table 3.9, experiment 1l1), prov-~
ided a night break is given so that the difference can be
observed, may be vaed to suggest that light stops inhibitor
production for a period of somewhat less than 8h, waevar, one
should be cautious when interpretiug these results, since an
élternétive explanation of the resﬁlts is that the red night break
is acting as the photoperiod which prevents any Ifurther response
to a light break fcr 13h. Thus, the white light of the "main" 8
or 4h photoperiod would only be acting via the first reaction in
which far-red light is most effective and in which the size of
the resgponse is thought to be directly related to the length of
the exposure. Only further experiments will show which is the

true explanation of these results.

Since the results for Philips PF712 bulbs and incandesc-
ent bulbs and for fluorescent tubes and gr0mluxrtubes are so’
similar, it appears that the ratio of red to farmfed iight far
outweighs the quantiﬁy of light At wavelengths below 600nm or the
ratio of light greater than (00nm to that below 600nm. The
result with a blue extension of the main photoperiod wculd support

this conclusion.

The effect of various light types on the induction of
flowering in peas is fairly typical, if such’a thing exists, of
the responses shown by other LD plants. However, unlike Hyocyamus
niger (Schneider et al., 1967), an extension of a short photoperiod
with blue light is ineffective. Another plant with similar
responses is Lolium temulentum, except that a light break in
the middle of the long night is not effective in inducing

L. temulentum (Evans, 1969). These two examples ave sufficient
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to show that although there are distinct similarities in the
photoperiod responses of LD species there are also distinct
differences. The proposed mechanism for the photoperiod response
has definite similarities to that proposed by Schneider et al.
(1967), especially in that 2 light dependent reactions are |
proposed in both cases. The reaction which appears‘to involve
phytochrome because of its red/farwxéd reversibility suggests

that high amounts of Ffr promote flowering in LD plants at certain
times. This is similar to suggestions by Parker et al. (1950},
Evans (1872) and Vince (1972). The othzar reaction, which is most
promotive when the plants are given protracted irradiation with
wavelengfhs abeve 700nm is not as’clear cut. he explsnation

put forward is similar to the suggestion put forward by Schneider
et al. (1967) and elaborated by Borthwick et al. (1369) to sugaest
that the photo~dissociation of a Pfr-substrate compler is invcl?ad.
Evaﬁs (1971) and Vince (1972) suggest that far-red light is

active because low Pfr processes are also involved, low Pfr levels
being promotive soon after the high intensity periocd. In peas,
both red and far-red 1light are more effective if given in the
second half of a 1l6h night. Also, continucus light containing
both re& and far-red licht is the mosgt promotory condition, and

if the view put forward by Evans (1971) and Vince (1972) is
accepted, this implies that both the low and high Pfr processes
can occuxr at the one Pfr level. This level would be relatively
low in peas, since far-red light is almost as promotory as white
light, even though its inﬁensity is considerably less (table 3.6,
experiment Ll). For these reasons ﬁhe'type of mechanism proposed
for the first reaction by Borthwiclk et al. {(1969) has been

favoured in the interpretation of the present data.

‘It has not been possible tc show the involvement of
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endogenous rhythms in the control of flowering in peas by the

use 0f experiments with different cycle lengths or light pert-
urbaticns of long dark periods, even though threshold conditions
were achieved (tables 3.9 and 3.10}. 'This could possibly be due
to the inability of the experimental design to show their presence
(e.g. incorrect light Wnten31tleb, or the rhythms possess a

cyclé subutantially different from 24h or +the rhythm damps out
after one cycle in continuous darkiess, as in Xanthium (see
Salisbury, 196%9)) or to their non-existence.There are, however,
large changes in the sensitivity of the plant o both red and
far-red light which are often used to suggest the occurrence of
rhythms. This explanation 1s inconclusive since, even in an
hour~glass model similar to the one suggested this variation would
not be unexpected. The erffect of interruptions of the rnight with
red light could be intervretsd as phase shifts of a rhythm, the
red light acting as a dawn signal, ag has been suggested to occur
in xanthium (Salisbury, 1969). Whether this is the case cannct

be determined until further experiments are carried out. However,
even if a rhythm is present in peas, the results so far can be
most simply interpreted in terms of an hour-glass mechanism, this

mechanism being sufficient to fully interpret the flowering be-

haviour of peas exposed to natural phctoperiods,

The two reactions controlling the photoperiod response
in the genotype 1f e $n Hf presumably act by controlling the |
amount of inhibitor produced by the $n gene, since this gene
has been shown to confer the photoperiod response on peas
(Bafber, 1959; Murfet, 197la}. However, nil effects of some
light treatments should not be interpreted as indicating that
the activity of the Sn gene has not been altered, since, under

some conditions the promotor to inhibitor ratio may be well



away from the threshold for flowering and conseguently guite
large changes in the amount of inhibitor produced may not result

in an altered flowering node.

Under natural conditions the photoperiod extremes
met by peas are probably 8 to 20h. The second reaction would
therefore play relatively little part in controlling the photo-
period response in peas unless the length of time between the
stort of the photoperiod and the time that inhibitor production
could start was coagiderably greater than 8h and this does not

appear to ke the case. T suggest that in peas the major timing

]

facter for the photoperiod respcns: is the amount cf time per day
that the $n gene is active and that this activity is determined

by the photoperiod via the first reaction. This would be sup?erted
by the fact that many factors which can effect the activity of

the sn gene, and consequently the promctor to inhibitor ratio

(e.g. age, temperature and genotype (M@rfet, 1571a; Murfet and
Reid, 1974; chapters 4 and 5)) also effect the photoperiod
response, This means that there is no need to postulate a
temperature and age independent time measuring system in the

control of the photoperiod response in peas.
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fTable 3.1 Mean node of first initiated flower +§.E. for lines
58 (1f e sn hr), 53 (If e 8n hr) an& 65 (If e Sn Hr)

given 8h of white light and 16h of weak incandescent

light each day from the start of germination.

bt
[
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x * 5.E. 1

13.52 = .37 19 13.30 = .36 20 12.26 £ .37 19
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Table 3.2 Mean node of first initiated flower + S.E. for
lines 58 (1f e sn £r) and 53 (If e Sn br) exposed
to continuous light from the start of germination.
Three separate katches of Ls53 seed weré used.
L58 1.53(1) 1.53(2) 1.53(3)
x* 8K u - x t S.E. n ‘ X *#S.E. n X % S.E. n

10.76 £ .16

13.11 = .32 18

17 12.28 & .37 18 12,78 £ .27

18
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Table 3.3 'he meanrnode of first initiated flower +5.E. for lines
58 (1f e en hr), 53 (If e S$n hr) and 24 (Lf e Sn hr) with
théir cotyledens either exposed to the photoperied
from the start of germination (DO) cr buried 3 cm
below the surface of the growing medium {Dooj,

The plants were expcesed to a photoperiocd of either 18,

20 or 24h light.

BPhotoperind 58,00 ) 53,00 58,Dp 53,D= 24 ,D0

24 ’ 12.00 £ .47 12.63 £ .46 10.53 £ ,13 14.57 = .17 17.38 = .27
20 11.63 £ .44 14.19 = .37 16.27 = .12 15,47 £ .19 17.93 = .23
18 ‘ 12.27 = .41 15,60 2 .35 10,19 = .10 15,53 # .22 19.61 = .14
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Table 3.4 Mean node of first initiated Elower +8.E. for lines 58
{1f e sn hr) and 53(1F e Sr hr) with theilr cotyledons either
shaded or exposed to either an 8 or 18h photoperiod
from day 5. The plants were either left intact,
decotyledonised (-), grafted orn day 5 (e.g. 58/53)
or had leaf 4 shaded (L48h).
Photopericd 18 houx 8 hour
Lotyledons Shaded Expoged ‘ Shaded Exposed
x * §E u X * SE  q x# S8 n X £ S8 n
53,intact 14,29 £ .16 21 12,57 % .24 21 21,00 ¢ .49 15 23.47 £ .76 15
58,intact 10,22 £ .22 23 10.17 £ .12 24
58/53 12.47 = .17 17 11.67 = .18 15 14.94 % .17 18 14,47 # .19 15
58/58 11.47 £ .13 15 11.90 £ .23 10 10.89 % .16 18 11.33 # .17 9
53,- 12.27 £ .18 15 ) 17.50 = .49 14
58, 10.58 # .15 24 10.38 # .25 24
53,L48h. 14.90 £ .14 20 22.28 £ .55 14




Table 3.5 The percentage of red light to red plus far-red light

in the light sources used during the present study.

Ded
SOURCE ¥ farTed T red
RED 89.7
FAR~RED - .02
PLUORESCENT TUBE 89.3
GRO-LUX TURE 97.3
INCANDESCENT BULB 44.4
PHILIPS PF712 RUIB 43,8

BILULR

Undetectable







EXPERIMENT TREATMENT % FLOWERING FPLOWERTING AGE
' NODE
(28.8.) n (days)

1 16L. 160 14.52%.25 21 56
1 16R 100 20,.211,50 19 56
1 16FR 100 18.18%.54 17 36
1 16B 0 42.89% 40 19 56
2 161, 100 14.83%.51 2 61
2 7D 2R D 100 23.65%.35 19 6.
2 7o O2FR TN 0 45,33%.88 18 61
2 16D ¢ i8. oo* 96 15 61
3 161 100 18.83%.17% 12 52
3 7D IR 8D 100 27.95%,46 19 52
3 8D 2FR 6D 25 49,0242,24% 24 52
3 70 1R ZFR 6D 100 3L.60%.29 20 52
3 16D 0 57.13+2.82 8 52
4 leL, 100 17.25%.13 4 41
4 8D 8R 100 ?1.10&.24 21 41
4 8FR 8D 29 41.00+2.00% 21 41
4 5FR 8R 100 19.95+.15 21 41
4 16D 0. 44.82+1.,02 12 41
5 161 100 14.751.41 8 45
5 81 8D 11 45,95+1.,52 19 45
5 8D SFR 58 3x.67¥2.17% 21 45
5 8R 8FR 11 45,371 .43% 1 45 "
5 16D 0 52.83%1.25 6 45
b 16D 0 51.38:81.96 13 54
6 OFR 8D 53 39,40 1.602% 17 64
6 8D 8PFR 10¢ 25,71 .67 14 64
6 4D BFR 4D 160 29.24%.79 17 64
7 161 100 19,141, 24 7 63
7 7.75D .5R 7.75D 100 31.87%.32 23 £3
7 7.75D .2Z25R 8D 27 $2.50%2.19*% 22 623
7 7.75D .25RH 8D 100 32.75%.59 20 63
7 16D 0 63.318+1.08 11 63
& SR BD 85 3g,.70%2.30% 20 50
8 AR 2D 2R 8D 73 41..64%2.80% 22 60
8 2R 4D 2R 8D 100 31.67%.37 2 60
8 6D 2R 8D 100 26.63%.37 19 60
8 16D 0 64.22+2.96 9 60
8 16%L 100 14.912.16 11 60

This flowering node is the mean

given a particular treatment.

for all plants



Table 3.7

INTENSITY

~J
Lo
h

3

The mean node of first initiated flower +5E. for

1,63 plants exposed to an 8h photoperiod and then

transferred each day to dark compartments and given

either 16h of light from incandescent bulbs of 4

different intensities oxr 7.5h of darkness, lh of

red light at 4 different intensities followed by

a further 7.5h of darkness till day 60.

CONTINUOUS INTENSITY i HOUR ¥LASH
( PW/Gm) { pW/cmB)
of ITNCANDLSCENT ¥ + 8.E, n ‘ ¥ & S5.E. 11
8,200 14.08%, 24 56 25.55%.41 20
1,806 14.87+.17 23 20 25,283+,.32 18
200 15.36%.36 22 5 24.47%.24 15
60 15.25%. 35 24 1 27.67+.54 18
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Table 3.8 The mean node of first initiated flower : SE, for
163 plants exposed to an 8h photoperiod followed
by eithexr 16h of ligh£ cr 7h darkness,; 2h light,
7h darkness. The light was provided by either
Philips PF712 bulbs, incandescent bulbs, fluor-
escant tubes or gro-lux tubes at the intensity
specified. The age of the plants at the completion
of treatment was 52 davs.
LIGHT TYPE INTENSTITY CONTINUGCUS 2 HCUR FPLAGH
X * S.E. n X + S.E. n
RUBY~RED 800 fuw/cm2* 17.33$.19 21 23.33:.20 21
INCANDESCENT 800 /uW/Cm?“ 15.654.13 20 21.81£.29 16
FLUORESCENT 95 F?J/sz 23.18%.20 17 24.46%.20 21
GRO-LUX 80 pw/cm®  23.20%.19 17 25.16+.31 19

* In the continuous treatment the intensity was only 300 pw/cm™.
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Table 3.9 The percentage of plants induced to flower by the
experimental treatment and the mean ncde of first
initiated flower - S.E. for L63 ~lants exposed to
the varying cycles of white light (L) and darkness (D)
indicated in the treatment columh. The duration of
gach treatment is indicared in hours preceding the
treatment symbol. The light was from a mixed
incandescent-fluorescent sodrce. The number of
plants scored (n) and the aée at the start and

finish of the treatment is indicated.

Experiment  Treatment Percent Flowering node Age (days)v

flowering % % 5.E. o Start Finish

9 12L 12D 15 45.31 ¢ 2.01 i3 46 63

9 241, 24D 100 26.80 £ .49 5 46 63

9 36L 36D 100 26.88 £ .35 8 46 63

9 8L 16D 0 46.38 ¢+ .78 8 46 63
10 121 120 81 41.50 % 1.77 20 50 71
10 12L 24D 0 57.72 % .99 18 50 71
10 121 36D 0 53,77 + 1.88 13 50 70
10 121, 48D 0 55.84 £ 1.24 19 50 70
10 12L 60D 0 51.11 ¢ 1,82 9 50 71
11 41 6D 2L 12D 0 57.89 ¢ .87 19 29 45
i1 4L 8D 2L 10D 0 59.29 £ 1,18 17 29 45
11 41, 10D ZL 8D 106 34.60 + 1.05 20 29 45

11 8L 6D 2L 8D 100 26.00 £ .22 20 29 45
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Table 3.10 The percentage of 163 plants induced to flower by

either 1,2,3 or 4 LD cycles (first cycle 32h, then
nultiples ofyzdh)'aftef exposure to cyvoeles of
varying lengths {(indinsated in hours) of light‘{L}
and dark (D} from the time the‘shoot emarged uncil
day 29. The light was from a mixed incandescent-
flucorescent source. After expusure to the LD cycles

the plants were transferred to 35D conditions cn the

trucks.
TREATMENT Number of 1D Cycles
1 2 3 4

% flowering n | 7 flowering n (7% flowexing n 1{7Zflowering n
12L 36D 0 25 0 24 19 26 44 25
10L 12D 2L 24D 0 24 16 . 25 46 26 &8 25
10L 24D 2L 120 0 28 33 .27 66 29 i 89 27
10L 30D 2L 6D 0 24 11 27 41 27 ? 69 23

i










The effect of age on the number of LD cycles (first
ecycle 32h of light, then multiples of 24h) regquired
to induce 50 per cent (solid lines} and 100 per cent
{(broken lines) Fflowering in lines 53 (1f e Sn hr),
63 (1f e Bn Hr)} and 24 (Lf e &n hr)}. The points
have been interpolated from the raw data of two
separate experiments. The nlants were grown in an
¢h photoperiod on the trucks before and after treat-

ment.
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Mean node of first flower ~S5.E. for L63 plants
exposed to 12, 13, 14, 15, 1¢, 18, 20 ard 24h
photoperiods from a mixed incandescent-fluorescent

- .G
source at a temperature of 17.5

C. Under the 13h
photoperiod only 8 plants (36%) were induced
before the completion of treatment when 25.74%.23
leaves were expvanded. The »oint fcor 13h on the
graph comes only from these 8 plants. No vlants
were induced to flower in the present experiment

by a 12h photoperiod. The minimum number of

plants scored per treatment was 16.
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Fig.

3.3

i

Mean node of ﬁirst initiated flower + S.E. for
plants of LE3 {(1f e sn hkr) and L58 (1f e sn hr)
grown in a photoperiod of 18h {P18) or continuous
light (P24) and given the following treatments:
seed planted (buried) in the vsual manner (C);
the cotvledons and shoot exvosed from day 6 (D6)
or from the start of germination (DO); emrbryos
2xcised from the cotyvledons 18-~27h frowm the

start of imbibition, the appropriate photo-
period applying from the start (E). Tighteen

plants were used por treatment.
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Fig.
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3.4

Regression of mean flowering node for the progeny
of 53 plants (1f e $n hr) plotted against the
flowering node of the parent {y = 0.21x + 8.32).
All plante were exposed to continuous light from
the start of germination. The slope of the
r@qression is significantly different from 0

{(at the 0.05 level).
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Regression of mean flowering node of progeny

of L53 plants (1f e Sn hr) plqtted against the
flowering node of the parent (y = 1.15x + 10.38).
The parental plants were exposed to continucus
light fromm the start of germination while the
progenies were exposed to an 8h photoperiod.

The slope of the regression is significantly

different from 0 (at the 0.01 level).
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e e ., + i
The mnean node of first initiated -~ S8.E. for
163 plants (1f e &n Hr) exposed to an 8h photo-

reriocd followed by a 16h night interrupted by 2h

of red light after either 4,5,6,8 or 10h darkness.

The plants exposed to 4h darkness vricr to treai-

—ent with red light did not initiate until after

transfer to a long photoperiod.
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CHAYTER 4

TEMPERATURE

The 8ites and Possible Mechanisns of the Vernalisation Responge.

-

T NTRODUCTION

Vernalisation generally réduces the flowering node
of late cultivars of peas but early cultivars show either no
response to vernalisation or » slight negative response (Barber,
1959; Haupt., 1969; Murfet and Reid,1974). Paton (1969} showed
by grafting experiments that vermnalisation eliminates the
ability of stocks of the late cv. CGreenfeast to increeze the
flowering node of scions of the early c¢v. Massey and he
suggested that low temperatureS repress synthesis of a flower
inhibitor in the cotyleldons of Greenfeast. He also found that
the interval between the completion of phoioperiodic induction
and the evocation of flowering at the apex was longer in
unvernalised plants as opposed to vernalised plants and lie
attributed this delay tc the presence of the flower inhibitor
in unvernalised plantsf Similarly, Amos and Crowden (1969)
have proposéd that vernalisation has two effects in Greenfeast,
one in the shoot where it predisposes young plants to the
photoinductive processes and a second smaller effect through a
decrease in the amount of cotyledonary inhibitor. Neither
Paton nor Amos and Crowden envisage any clear connection between
photoperiod and the level of flower inhibitorq However,
Barber (1959) reportéd that a sgingle dominant gene, Sn confers,
not only a high flowering node, but also an ability to respond

to both photoperiod and vernalisation and that long days and
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vernalisation act competitively Eo reduce the flowering node.
His observations have been suppotted:by our own results

(Murfet and Reid, 1974). For example;tif genotype

1f e Sn hr is exposed to continuous light from the start of
germination no vernalisation response is observed. TLikewise,
if vermalisation is followed by continued zold (2-49C) night
tempefatureg no chotoperiod response is observed. However, in
chapter 3 it has been shown that‘light causes the repression of
$n activity, rather than the destruction of the inhikiter as
suggestad by Barvber, and a similayr mechanism is favoured for

the effect 0f cold temperatures (Murfet and Reid, 1974).

In the present study the techniques of grafting and
cotvledon removal were used to identify the site(s) at which
vernaligsation has an effect in 8everél different genotypes.

From these results an endeavour has been made to draw some
inferences on the mechanisms involved in the response. Genotype
1f e Sn hr was included since it shows the vernalisation and
photoneriod responses typical of a late cultivar and genoitype

1f e Sn Hr since preliminary studies had shown both the photo-
period and vernalisation vesponses to be enhanced by this gene
combination. An early flowering line of genctype I1f e sn hr

was also included. This genotype normally Showé no response to
Vernalisation.but it was censidergd that the graft procedure
may reveal some effect of vernalisation otherwise covered up in
intact plants. A vernalisation response is also known to occur
in genotype Lf e sn hr but has not been investigated in the

present study.
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MATERIATLS AND METHODS

All treatments raceilved an 8h photoperiod of natural
light supplemented when necessary with liche from a mixed
incandescent, fivorescent source. Grafting and cotyledon
removal were performed as described in chapter 2. The unvern-
alised plants were planted five days before it was thought the
vernalised plants would be ready, grafiing being performed as
soon as the vernalised plants were removed from the cold room.
From the time of grafting all cotyledors were exposed to the
photoperiod.

Experiment T

This experiment was designed to differentiate between

of L G3{If e Su dAr). The experiment consisted of 8 treatments:
unvernalised intact plants (UV), vernalised intact plants (V),
unvernalised decotyledonised plants (UV-), vernalised decotyled-
onised plants (V~) and the four grafits UV/UV(unvernalised scion
and'stock), v/, V/UV and UV/V. The vernalised plants recelved
temperatures of between 2 and 4°C for the first 35 days. After
three weeks the grafts were scored for number of leaves expanded
and separated into vigorous or non~vigorous grafts; grafts
having less leaveg‘expanded than the decotyledonised plants were
considered non~vigorous. Twenty-four plants were used per
treatment and night temperatures were between 14 and 20°C and
day temperatures between 20 and 30°C.  The plants were trans-
ferred to long days when approximately 31 leaves had expanded.‘

Experiment II

This experiment was likewise designed to identify the
site (€) of the vernalisation response but in addition we sought

to establish whether a positive response to vernalisation could
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occur in the absence of the dominant genesg if and Sn.

The experiment consisted of 17 treatments: UV, V, UV- and

V-~ for lines 58 (17 e sn hrijand 53 flf e Sn hr) ané grafts
530V/53v, 53UV/53UV, 53V/530V, 53V/53V, H8UV/53UV, 58V/530V,
58U0V/53V, 58UV/58UV and 58U0V/58V. The three remaining graft.
combinations, 52V/E8V, 58V/580V and 58V/58V were not pexformed

due to time and space limiuvations. The experiment was carried

out twice, 30 planis per treatment being used each time. The
grafts 530V/523U0V, S3V/530UV, H3UV/53V, S58UV/530V and 58V/53U0V
were repeated for a third time because of the low success rates

of grafts which had a vernalised section. Only vigorous grafts

(ﬁ(_:

L)

were used in the calculation of QQSULts in fig. 4.1, this being
decided from the length between nodes 1 and 6 and from the numbe
of leaves expanded about three weeks after grafting. The length
of vernalisation in the three trials varied but the plants were
the same size when vernalisation was conpleted. The number of
days of vernalisation was 46/ 39 and 33 respectively, the
tenperature being between 2 and 4°c.  The results from the

three trials were homogeneous except that the 58V and 58UV-
treatments were delayed with reepect to the 58UV treatment in
the first trial but not in the second. The night temperatures
were between 14.7°C and 21°C and the day t@mpefatures between

14° ana 36°c. The significance of the difference bétween
treatment means was determined by the use of Students t test.
Most treatments gave unimodal data but in the case of the graft
53UV/53V the flowering node values were distributed into a group
of 9 plants flowering at node 15 or lower and a group of 3 plants
flowering at node 19 or higher. In each test involving this
graft the significance level was found to be the same whether

these three plants were included or excluded.
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RESULTS

The data in table 4.1 confirm the previous evidence
(Murfet, 1973a; chapter 3) that unvernalised plants of L63
flower at a very high node under short days {in this case the
mean flowering node igs 39.8). Vernalisation caused a
substantial decrease in the flowering node, the distribution

breaking up into two distinct groups with mean flowering nodes

¢

of 12.8 and 21.5. This discontinuity does not represent genevic
hetercgeneity but arises from the threshcld rature of the
flowering process and the failure of the hormonal balance to
surpass the critical level in some plants. The resulting
bimodality is very similar to that which occurs in Lé6la at normal
gfowing tempevatures. The underlying circumstances in Lé6la are dis-
cussed by Murfet (1973b) .0Overall the flowering node of L63 plants
can be separated into three regiocns in table 4.1; a low region
(nodes 10~16), a middle region (nodes 17-24) and a high region {(nodes 29-~49)
The promotion of flowering to the low region

represents the largest vernalisation response reported in peas

b

and appeaers to result from some effect of vernalisation cn the
cotyledons since two thirds of the vigorous UV/V grafts but noue
of the V/UV or V-~ plants flowered in this regicn. Flowering in
the middle region appears to result from some effect of
vernalisation on the scion (embryonic leaves or apex) since ail
V- plants and V/UV plants but no UV/V plants fiowered in this
region. Flowering in the high region required that the scion

be unvernalised since all UV/UV graits and one third of the

UV/V grafts flowered in this region. It is interesting to note
that all the slow grafts (in brackets in table 4.1) flowered in
the middle or high regions and therefore acted as decotyledonised

plants as suggested by Murfet (1971c).
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Vernalisation promoted flowering by 9 nodes in intact
L53 plants (fig. 4.1) which agrees with previous results
(Murfet and Reid, 1974). The 53UV/530V and 53V/53V grafts are
not significantly different from the respective intact controls
illustrating that the act of grafting itself had little or no
effect in vigorous grafts; The 53V,/530V graft flowered 3 nodes
earlier than the 53UV/53UV graft {(signiiicant at the 0.0i level)
while the 53UV/53V graft fiowered 5.5 nodes earlier than the
530v/530V graft (signifiéant at the 0.0031 level) but was still
significantly (at the 0.0l level) later than the 53V/53V graft.
" The V~ plants flowered 3.5 nodes earlier than the UV~ planits
{(significant at the 0.001 level) which is similar to the 3 node
differenée between the 53V/53U0V and 53U0V/53UV grafts. These
resuits indicate that vernalisation has an effect both on the
stock and on the scion in plants of genotype 1If e 5n hr, In
contrast to the results of Amos and Crowden (1969) for CGreenfeast,
the effect in the stock is largevr than the effect in the scion
for lines 53 and 63.

Cotyledon removal czuced a four node promotion of
flowering in unvernalised plants of L53 (significant at the
0.001 level) and a one node delay in Verhalised plants
{(significant at the 0.01 level). The former eflfect is.by now
well known and is discussed by Murfet (1976) and in chapter 5.
In the UV, UV- and V-~ plants flowering is probably dependent
on the phasingmout‘of sn activity in the shoot but with
vernalised intact plants the flowering node is low enough to
fall within the sphere of influence of the cotyledons which
appear to have actively stimulated evocation.

Vernalisation had a small (0.27 node) but 5ignificant

(0.01 level) delaying effect on intact plants of L58. Phis



agrees with previocusly reported data for intect early

developing varieties {Earber, 1959; Haupt, 1969). Vernalisation
of the decotyledonised’plants of LSSS caused a 0.65 node decrease
in the Elowering noda (significant at the 0.001 level). However,
it is not clear if this is a direct effect on flowering or the

result of altered vegetative growth since the vernalised plants

-

Fuda

had longer stems betwsen nodes and 6 {gignificant 2t the 0.001
level). In unvernalised plants of L 58 both cotyliedon removal
and self grafting led to small increases in ithe flewering node
but again the higher flowering node was associated with a
reduction in the vigoux of the plants. The 58UV/58UV grafts
werce not significantly different from eilther the vernalised
intact plants or the 58UV/58V grafts. Whatever the explanation
of the small effects described above, these results provide no
evidence to suggesit that vernalisation of the cotyledons of
genotype 1f e sn hr lcads to a promotion o©of the flowering node.
Several effects are evident from the 58/53 grafts. The
58UV/530V grafts were 4 nodes later than‘the 58UV/58UV grafis
which supports the previocusly reported hypothesis that cotyledons
4

of genctype 1f e Sn hr preduce a flower inhibitor under short

$73). Vernalisation of the stock

-

days (Murfet and Reid,
(58U0V/53V) resulted in a 2.5 node promotion (significant at the
0.001 level) but the plancts were still 1.5 nodes later (signif-
icant at the 0.01 level) than the 58UV/58UV control. In contrast
.Paton (1969) reported that vernalisation completely eliminated
the ability of stocks of cv. Greenfeast to delay flowering in
scions of cv. Massey. Vernalisation of the 58 scion resulted

in a 0.8 ncde promotion (difference. 58UV/53UV-58V/53UV
significant at the 0.01 level).- The latter result was checked

to see 1f altered wvegetative growth could have been responsible.



Neither the length of the stem between nodes one and six nor the
number of leaves expanded after 4 weeks were significantly
different between the two treatments'suggﬁztiﬁg that the effect
was a direct one on the flowering process. Therefore, scions

of genctvpe I1fF e sn hr can show a small positive response to
vernalisation when grafted to 1Ff e $n hr stocks.

o~

it is clear that there are at least two sites of
vernalisation in the late linee., Thig 1g pavticularly evident
in the case of L 63 which, because of its potentially large
response to such environmantal ﬁactors as temperature and
photoperiod, has pfoved an excellent experimental line.
Vernalisation of I, 63 (1¥ e $n ©r) stocks (cotyledons) produced
a 26 node promotion and verralisaticn of the shoot a 19 node
promotion compared with 5.5 and 3 nodes res@ectively in
L, 53 (1f e Sn hr). However, the underlying physical or chemical
changes are not necessarily greater in L 63 as elaborated below.
The vernalisation effect in the shoot is not dependent
on the presence of genes Sn and Hr in the shoot sincﬁ scions of
.58 (if e sp hr) are also vernalisable but the gene combinations
Sy hr and Sn #r certainly magnify the effect as illustrated by
“the graft seguence 58UV/530V-58V/53U0V, 53UV/530V-53V/53UV,
63UV/63UV-63V/63UV where promotion of the flowering node is
1, 3 and 19 nodes reséecfively. The present experiments>do not
identify the mechanism involved in the scion effect. Paton's
{1969) transfer studies suggest an effect at the apex. If
vernalisation lowers the thfeshold ratico of promotor to inhibitor

required for flowering the same reduction in threshold could

graft sequence above as a result of differences in the rate cf



change of the hormone levels. Inhibitor levels would he
expected to fall rapidly in L58 scions with the denise of

the cotyledons on the L5353 stocks. In the 53/53 grafts
inhibitor levels will be maintained for a semewhat longer time
as a result of $n aétivity in the shoot. In the €63/63 grafts
the preserce of #r may prolong Sn activity for an extended
perzod leading to a slow change in hormone levels. This line of
reascning also raises the posegibility of a second mechanism
contributing to the ccion effect, especially in sn shoots.
Vernalisation alters the relationship between chronological
and plastochronic age and the aging mechanism may lead to a
decline in Sn activity (or formation of a hormonal balance
favouring flowering) after fewer nodes have becen formed,

The reason why intact plants of L 58 (1f e sn hr)
show no pesitive response to vernalisation,when the shoots have
the potential,h is not clear but promotion of the flowering node
below a mean of about 9.8 in this line may be precluded by tha
existence of a juvenile phase. On the other hand the effect of
a lower apical threshold in the vernalised shoots may be offset
by a less favourable balance energing after vernaliisation of the
recessive sn cotyledons. Our experimental procedures are not
sensitive enough to resolve *he issue. However, with Sn stocks,
although vewrnalisation has probably altered the levels of both
promotor and inhibitor the net result is a balance more
favourable to flowering and we suggest this would come about
if the reactions leading to the formation oif the inhibitor and
promotor possess different temperature co-efficients, the
inhibitor formative sequence having the higher co-~efficient
(Wareing and Phillips, 1570; Murfet and Reid, 1974); The low

tenperature repression of a2 activity is only observed in the
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cotyledons in the present experiments since they comprise the
bulk of the tissue during seed vernalisation bhut the same type
of effect may also occur in the shoot if cold temmeratures were
given at a later stage of development sgince Sn is cperative in
both the shoot and cotyledons. The fact that a discontinuous
kFimodal distribution of the flowering ncde arisesg in the
63UV/63V grafts illustrates that if flowering does not occur
soon after transfer to post-vernalisation conditions the ratio
of promotor to inhibitor sgain decreases end flowering dees not
occur until either the aging process or transfer tc iong days
again alters the hormonal balance in favour of flcwerinag. These
results, together with the previcus data (Murfet and Reid, 1974),
strengthen the evidence that long days and vernalisation hoth
promote flowering, at least in part, by repressing Sn activity
and the produétion of inhibitor. This conclusion agrees with
Paton (1962) and Amos and Crowden (196¢9) wregarding the effect
of vernalisation in the stock but differs in respect to a
connection between photoperiod and inhibitor which these workers
consider uncertain or non-existent. |

There are two established theories for the action of
vernalisation (Lang, 1965; Purvis, 1966); firstly, that
vernalisation affects ﬁhe leaves and results in a hormonal
galaﬁce in favour of flowering (Melchers, 1936, 1937) and secondly,
that i£ "thermo-induces" cells, this state being transmitted
only by cell division (Schwabe, 1954). This second effect is
observed largely at the apex although a similar type of response
has been observed in the leaves of Lunaria biennis by Wellensiek
(1962} . Th@ preaenﬁ results suggest that peas possess both types
of mechanism which, as suggested by Bvans (1971), is not

unexpected. The effect of low growing temperatures (5 to 15°¢)
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on the two sites of vernalisation described in this section would
be of interest since reports (e.g. Murfet, 1973a; McWilliam

and Jewiss, 19?3)7have indicaﬁed that these intermediate
temperatures can «ause flowering in some plants under normally

)

non-inductive photopericd conditions.
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Kinetics of the Vernalisation Responses in the Genotype
1f e &n Hr. '

INTRODUCTION

In the previous section it has been determined that
two distinct sites of vernalisation occur in peas and that
at least two, and possibly three, different mechanisms exist.
The results presented here concern work which set out to det-
ermins the kinetics of the vernalisation responses with the
aim of finding out whether they are consistent with the
mechanisms propvosed for these responses. It was also of
interest to compare the kinetics for L62 to those reported by
nrevious workers using L ﬁypes of peas (Barber,1959; Paton, 1969;
Aros and Crowden, 1969) and other svacies (Schwabe, 1959%; Lang,
1965; Purvis, 1966). The kinetics specifically studied
included the time recquired for both the cotyledon and shoot
effect of vernalisation to be manifest at SGC, the range of
temperatures which are effective in eliciting thege responses
and the effect of plant age and post-vernalisation temperatures

on these responses.

MATERIAY.S AND METHODS
L63 (If e Sn Hr) piants were used throughout the

18

present experiments since the response to vernalisation in thy

Eo s

line is the largest yet reported for peas.

i

Length of Vernalisation Required in intact Plants. . .

Plants were exposed to 0,1,2,3 or 4 weeks vernalisaﬁion
from the start of germination in the cold room at 2-49C. Upon
’the completion of vernalisation the plants were exposed to an 8h
photoperiod on the trucks until they were approkimately three

months old, after which time they were placed on the apron to
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mature. Planting was done in early spring. The results are cont-

ained in table 4.2.

H

Length of Vernalisation Reguired to Elicit a Shoot Response.

Plants were exposed to 0,1,2,3,4 or 5 weeks vernal-
isation at 2-4°C from either the start of germination or from
the time leaf 5 was fully expanded (24 davs). The planting was
staggered so that at the start of post vernalisation conditions
all plants were at the same developmental stage. In order to
eliminate the cotviedon effect of vernalisation the cotyledons
were ramovéd from all plants when the plumules were approximately
2cii long.  After the completion of vernalisation plants were
gfown ander an 8h photoperiod until 19 weeks old and then
transferred to the apron. Planting commenced at the end of
September. The analysed results are contained in table. 4.3

while the raw data &re contained in Appendix 1.

Time at which Vecrnalisation is Effective.

0

The plants reccived either no vernalisation or 4 weeks
vernalisation at 2-4°C from either the start of germination
(day 0), day 5, day 9 or day 13. Thirty two plants were grown
per treatment. Planting was carried out in early December,
plants being exposed to an 8h photoperiod on the trucks for 3
monthg and then to a long photoperiod on the apron until they were
scored. The results are combined in table 4.4.

i

Temperature Required to Elicit a Vernalisation Response.

Plants were esxposed to an 8h photoperiod at either
3,6,9,120C or normal phytotron temperatures (average of l?OC)
either from day 0 until day 38 or from day 0 until the plumule

was between 2.5 to 3om long (i.e. either for the same chronological
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time or till the same physiological age was cbtained). After
this time all plants were exposed to an 8! photoperiod on the
trucks until approximately 19 weeks old (approximately 38 leaves
expanded) at which time the plants were traunsferred to the apron
until ready for scoring. Planting commenced in mid-June, 30
plants being grown per treatment. The results are contained in

table 4.5.

Bffect of Post-Vernalisation Temperature.

Plants were given eilther 4 weeke of vernalisaticn
at between 2 and 4°C or 3 days of growth in the phytotron before
being exposed for two weeks to an 8h photopericd of weak fluor-
escent light (3,200 lux) at 10,15,20,25 or 31°c. At the
complétion of this treatment all plants were grown under an 8h
photoperiod in the phytotron until 35-40 leaves were exvanded
and then transferred to the apron. Planting of vernalised
plants occurred in mid-Nevempber and of unvernalised plants
in mid-December. All treatments excepf the 31°C contained

30 plants, the 319C treatments containing only 24 plants. The

results are contained in table 4.6 and Appendix I.

Stabilisation of the Devernalisation Response.

Plants were given 33 days of vernalisation at
between 2 and 4°C before heing transferred to an 8h photoperiod
on the phytotron trucks. The latter treatment was either not
interrupted o interruptéd,after 0,1 or 2 weeks,by 2 weeks at
32°c.  The photoperiod during this 2 week period was 8h frowm a
mixed fluorescentFincandescent source with an intensity of
23,500 lux at plant height. Planting was done in August, 30 plants
being grown in each treatment. The results are contalned in

table 4.7 (experiment 1).
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Effect of Light Intensity on the Devernalisation Response.

All plants were given 32 days of vernalisation at
bet wa@nb2 and 4°C and then either put on the trucks under an 8h
photoperiod or given 9 days at 30°C.  The plants exposed to
30°C were given either complete darkness or an 8h photoperiod
of either weak fluorescent light (3,200 lux) or high intensity
light frcm a mixed incandescent-fluorescent source (32,000 Llust.
At the completion of this treatment all plants were placed oOn

the 8D tracks? The results are contained in table 4.7 (experi-

wueat ).

Effect of Eerxilising Temperatures on Developing Sead,

A group of 3 plants was exposed to an 8h pholoperiod at
7.5°C from the time of anthesis until senescence occurred. The
progeny from these plants and the progeny from a group cf plants

) )
grown on the apron (average temperature 207C) firom the same
batch of seed were planted under an 8h vhotoperiod on the trucks.

» - g O .,,.,,““?, » -y g ““ L DU -
A temperature of 7.57C was used as the vernalising temperatuvre
since the temperature usually used (2 ’OC) was not sufficient

for seed development. The results are contained in table 4.8.

RESULTS
The cotyledon effect of vernalisation {i.e‘ the promotion
of the flowering node of L63 to the low region by vernalisation)
gradually becomes more pronounced as the length of vernalisation
iz increased from 1 to 4 weeks (table 4.2). However, even after
4 weeké vernalisation only 37% of plants were induced to flower
in the low region (nodes 10-16). This low percentage is prob-
ably due to the high post-vernalisation temperatures experienced
in this experiment (see discussion). No attempt was made to div-

ide the plants into middle and high regions since these classes
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ran together because the plants were transferred to the natural
spring photoperiod at an early age and the planting was not
staggered,

A significant shoot effect of vernalisation (i.e. the pro
motion of the flowering node of LE3 to the middle réqion by vern-
alisation) is first obscrved after 3 weeks ver1alisation when the
vernalization is given from the start of germinatiocn or after
2 weekg when the vernalisallon is given after 24 davs growth
{table 4.3). The difference belween these two resuvllbs lg
similar to the length of time requixed for complete imbibition
of seeds at 2-49C and conseguently meay not reflesct a direcu
change in the sensitivity of plants to vernalising temperaturcs
but just an inability to respond until the seeds are fully

e
imbibed. These regults (table 4.3) are based on a c¢vrt~0ff
between the middle and high regions being placed at node 40
(node 40 is a zero point). However, similar results would have
been obtained if the cut-off was pleaced anywhere between nodes
38 and 47 since only a few piants flowered at these nodes (gee
Appendix 1). Most of tlhe plants close to the cut-off point
received 1,2 or 3 weeks vernalisation f£rom the start of germin-
ation and appear to have flowered at these nodes because of the
vernalisation treatmeut and not because their growth rates were
reduced. This indicates the quantitative nature of the shcot
effect of verﬁalisaﬁion. Thisvis further illustrated by the
quantitative effect of vernalisation on the flowering nodes in the
middle region -~ the longer the vernalisation the earlier the
flowering node (significant at the 0.001 level for plants given

vernalisation from day 0 ).
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Regardless of the age at the commencement of vernal-
isation (at least betwsen days 0&12) virtuvally all plants are
shifted from the high region by 4 weeks vernalisation. However
the results presented in table 4.4 indicate that the time at
which the vernalisation is given has a marked effect on the
distribution of the flowering nodes between the low and middle
reéions. If the vernalisation is civen after 0 or 5 days 44%
and 42% of plants respectively fit into the low region, but
if given afﬁer 9 01‘13 days this percentage drops to between
3 and 4% (Significantly different from the € and 5 day treat-
nments at the 0.001 level, X% = 11.5% between the closest 2
resulte) . Prior to placement in the verhalisaﬁion chamber on
day 9 the third leaf was fully exbanded while by day 13 the
fourth leaf was expanded. Although no dissections were
carried out during this experiment it would appear that no more
than 12 nodes would have been present on day 9 and 14 on day 13
if it is assumed that dissections recorded in chapter 2 are
relevant. Consequently ample room is évailable for initiation
in the low region provided the levels of the flowering hormome
could be altered rapidly enoush and to a sufficiént degree by
vernalisation. This does not occur to a large extent since,
by the time treatment commeﬁces on days 9 and 13, the young
’shoot has become a major source of hormone production and,
as will be shown later,‘the ratio of hormones produced by the
young shoot is more inhibitory than that produced by the coty-
ledons. Consequently evén though the vernalising temperatures
increase the ratio of promotor to inhibitor they do not cause a
sufficient increase to allow flowering. The lower ratio of
promotor to inhibitor produced by the first foliage leaves when
compared to the cotyleaons appears to be the cause of the bimodal

distributions of the flowering nodes under several sets of conditions in I & LIR
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types of peas. It is interesting to note that the mean flowering
node of the plants flowering in the low region and given vernal-
igation from day 0 ls significantly lower (at the 0.001 level)
than for those plants given vernalisation from day 5. This
presumably results from a lower rvatio of promotor to inhibitor
being esgtablished over the first 5 days‘in plants not receiving
vernaligsation, flowering not occurring till the ratio has been

sufficiently raised.

The shoot effect of vernalisation can proceed regaxrd-
less of the time at thch vernalisation is commenced (table 4.4)
and conseguently larger proporticns of plants given vernalisation
after 9 and 13 davs occur in the hiddle region than for plants
given vernalisation after 0 and 5 days (significant at the O.QOl
level). It is worth noting that no guantitative effects were
observed in this region indicating that the shoct effecit is
independent of the‘time at which the vernalisation is given {(at

L

ity of the

least up tc 13 days). These data illustrate the stabi

f Y

shoot effect since less than 10 nodes would be present at the

end of verhalisation for those plants treated on day 0 and
conseguently 18 nodes would have to be laid down before initiation
occurs. The independence of the shoot effect and time alsc shows
that, under the growing temperatures used here.no devernalisation

of this effect occurs.

The cotyledon effect of vernalisation shows up in
more plants as the temperature becomes lower (significant at
the 0.001 level) {table 4.3) and reaches a maximum at 1%¢
where 100% of plants flowered in the low region (nodes 11-17)
in the present experiment. At the completion of 38 days qfawth

at 3,6,9,12 and 17°¢ the plants had approximately 1,4,6,8 and 11
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leaves exéand@d regpectively. 1In the experiment where all
plants were allowed to develop to the same morphological size
under the different temperatures it took 38, 15, 10, 8 and 5

{
days to reach the stage of 2.5 to 3cm plumules (approximately
1 leaf expanded) at 3,6,9,12 and 17%¢ respactively.
Slightly larger proportions of plants flowering in the low
region were obtained under 6,9 and 12°9C in the first experi-
ment (in which all plants received the given 6,9 and 229C in the
temperature regime for 38 days) than in the second experiment
{in which it was given only till 1 leaf was expanded). However
a bimcodai distribution of the flowering nodes still occurred
further illustrating the decrcase in th@byromotor to inhikitor
ratio reaching the apex after the first foliage ieaves hawve
expanded. In both experiments the flowering node in thea low
region is lower in the plants exposed to 3°c than in those axposed
to 6°¢C (significant at the 0.001 level) suggesting that a higher
promotor to inhibitor ratio is produced at the lower temperature.
This trend continues in the first experiment up till 9°C but
not in the second experiment. Between 6 and 9© in the second
experiment a significant drop in the flowering node occurs for
the plants flowering in the low region. This drop probably
arises since plants which have not been induced at an early
age cdo not flower late in the low region but instead in either
the middle or high regions due to the expansion of the inhibitory
first foliage leaves. In the first experiment a similar drop

occurs, but in this case it occurs above 9°C.

In the second experiment the only plants fitting into
the middle region are two v»lants in the 5°C treatment (table 4.5).

Two plants in each of the 12° and 17°C treatment had flowering
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nodes well below those Qf the other plants flowering in the

high region. However, these plants had slow growth rates and
were not induced to flower until after they were transferved

to LD conditions and should therefore be included in the

high region. In the first experiment planis in the 9 and 12%¢
treatments flowered in the middle region (table 4.5). This is
difficult to see in the 12°C treatment since the flowering nodes

are quite high but, on examination of the lesaves exparded data
pt i " 7

-

all plants except one were chown to be induced before transfer

to LD conditions indicating they should be considered as flowering
in the middle region. It is possible that the plants Flowering

in the middle region at 9 and 12°C do so not because of a shoot
effect produced by these temperatures but rather due to a higher
ratio of promctor to inhibitor produced by the plant during the
extended growth at low temperatures. However this seems unlikely
since th@‘plants at 12°C flowered over 15 nodes after transfer
from the low temperature conditions. A quantitative effect

3

among the plants flowering in the middle region occurs, those

5
O N

exposed to 9 C flowering at a lower node than those exposed to

12°¢ (significant at the 0.001 level). These results suggest

that temperature x length of exposure is important in determining

the size of a shoot effect.

The effect of the post-vernalisation growing temperatur@
on the flowering node of 163 plants can be inferred from the
variation in the response to approximately 4 weekS vernalisation
in tables 4.1, 4.2, 4.4 and 4.5. Table 4.6 contains the results
of an experiment designed to study fhis problem. The data for
the unvernalised plants exposed to 10,15,20,25 and 31°¢ for
2 weeks are not significantly different although a few plants

in the low region {(nodes 11~16) occurred at 10 and 15°¢ and neone
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at 20,25 or 30%C. However, this same range of temperatures
caused significart changes in the distribution of the flowering
nodes of plants which had previously reccived vernalisation (sig-
nificant at the 0.001 level using a 3 x 5 contingency Xg

on the data for V plants in table 4.6). The number of leaves
expanded for the vernalised plants at the completion of the

QC were

post-vernaligsation treatment at 10,15,20,25 and 31
approximately 2.8, 4.3, 6.0, 6.4 and 6.2 respectively. These
figures would indicate that at least in the 20,25 and 3EQC
traatments the post-vornalisation treatment would have extended .
until all the nodes’in the low region had been laid down (see

chapter 2). The percentage of plants in the lcw region drops

from Y0% to 4% as the post-vernalligation temperature is increased

o]

)

over the range 10

¢

to‘31oc (significant at the 0.001 level).

Also the percentage of plants in the low region showing veg-
etative reversion increases from 15% to 100% (significant at

the 0.001 level) and the average length of this reversion
increases from 1 to 12 nodes (significant aﬁ the 0,001 level)
{(table 4.6)., A qﬁantitative effect also occurse within the
flowering nodes of the low plants from 10,15,20 and ZSOC; the
higher the post-vernalisation temperature the higher the flower-
ing node (gignificant at the 0.0 levell. This devernalising
effect by post-vernalisation Lemperatures appears toc be a con-
‘tinuou$ effect, no c¢ritical temperature being necessary. It is
suggested that this action of post-vernalisation temperature is
duve to a lower ratio of promotor to inhibitor being formed as

the temperature increases possibly because the formative reactions
of the inhibitoxr have a higher temperature co-efficient than those
for the promotor (i.e. the same mechanism as for the cotyledon

effect of vernaligsation}.
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The proportion of plants flowering in the middle
region (nodes 19-39} increases with increasing post-vernalisation
temperature (table 4.6). This is primarily caused by the devernal-

sation of the cotyledon effect. However at 31°C 402 of plants

l..)«

fit into the high region and this is the clearest illustration
that devernalisation of the shoot effect 1s also possible. Since
the flowering nodes within the mi&dle region become significantly
lateyx (at the 0.001 level) as the post-vernalisation tempersture
iﬁcreages from 10 to 319C it would appear that partial devern-
alisation of the shoot effect is possibkle. FPFor this reason a
critical temperature at the biochemical level is not envisaged
~to play a part in the devernalisation of the shoot effcct, just
avcontinuous drop in its intensity until it finally disappears

N « . 3.
in some plants (in this case at 31CC}.

The devernalisation of thé cotyledon effect of vérnm
alisation does not occur if 1 weeks growth under normal short
day conditions (appm»ﬁma@ﬂy'l7m2§oc} ig inserted between’the
4 weeks vernalisation and the 2 weeks at 32°¢ (table 4.7,
exveriment 1). This result is not unexpected since alter 1
- weeks growth under normal conditions 4 leaves were expanded
(total nodes approximately 13) and consequently the nodes in the
low region had already been partially laid down. No stabilisation
of the vernalisation response by the normal growing temperatures
is therefore énvisaged, This is supported by the fact that
86% and 100% of plants floweriﬁg in the low region in the treat-
ments having 1 and 2 weeks at normal temperatures before beiny
exposed to 32°9C showed vegetative reversion respectively compared
to 0% in the normal vernalised plant (table 4.7). All plants
fl@wering in the low region in the treatment which received 2

weeks at 327C lmmediately following vernalisation also showed
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vegetative reversicn, indicating that even when only 1 leaf

is erpanded a sufficiently promotory level of the flowering
hormones can be established to ensure flowering even though

the plants are receiving inhibitory growinq temperatures at

the time of initiation and subsequently revert to vegetative growth
In the middle reygion significant dlLfCLCnLGo (at the 0.01 level)
ccour between the flowering nodes of the four treatments (table 4.7,
experiment 1). The latest treatment was the one receiving 2 weeks
of normal temperatures pricr to the high temperature treatment
followed by the treatment raeceiving cone week at normal temperature
and indicates that the devernalisation of the shoot effect does

not stabilise itself al intermedizsate temperatures. 1f anvthing,

de vexna!L<1nq temperatures the

A

it becomes more sensitive to

later these are given (prior to the time of initiation).

The effect of light intensity on the effectiveness of
devernalisation by 30°C is shown by the results of experiment 2
in table 4.7. At high intensity, devefnalisation at 30°C is
relatively ineffective, only reducing the proportion of plants
flowering in the low region irom 50% to 33% and delaying the
flowering nocde in the middle region (ncdes 18-40) by 2.7 nodes
(significant at the 0.05 level). If the high temperature
treatment is given to plants in complete darkness devernalisation
18 moreAeffective, thie proportion of plants in the low region
being lowered to 10% and the flowering node in the middle regionv
being 7 nodes later than in the plants which were not devernalised
(significant at the 0.001 level). Also, 3 plants did not flower
until transferred to LD (from a comparison of the flowering node
and leaves expanded data). The flowering behaviour of plants
receiving low intensity light during devernalisation was between

those receiving complete darkness and high intensity light.These
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results &how’a large interaction is oceur ring between devernal-
isation and lighi intensity but do not indicate whether this
occurs because of the action of light on the ygene Sn or through
some other as yet unknown mechanism.

Vernalisation of seced during its development on the
parental plant has almost exactly the same effect as 4 weeks

vernalisation given immediately after planting. Tt resulted

in a mean flewering node of 14.33~ .90 and the distribution was
bimodal, 9 plants flowering in the low region {nodes 11~15 in

this case) and 5 plante flowering in the middle region (17-20

in this case) {(table 4.8). The control plants had a mean flowering
node of 42.10 1 5,04 including 2 impenetrant plants flowering
in the low region. These r@sulté indicate that vernalisinyg
temperatures given during the development: of the seed on the
parent plant can induce a sheoot effect since only by this
mechanism will‘LSB plants be induced teo flower in the middle
region. It is not clear from the present results if a response
in the cotyvledons is al@aoccurring‘although the large proporiion
of plants flowering in the low region would suppcert this view.
If & response is occurxrring i the cotyledons it would show that

hormonal balances can differ in seeds which have developed in

different environments,

DISCUSSICN

The results indicate that the cotyledon effect of vernal-
isation becomes gradually more pronounced as the temperature
ﬁr@pé and is reversed as the post-vernalisation temperature
increases. These results support the mechanism proposed on
page 95 which suggested this effect acts through the different
temperature coefficients for the formative reactions of the

promotor and inhibitor. The stability of the shoot effect to
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normal grdﬁiﬁg Eémperature$ is also consistent with its postulated
mechanism (on §aga‘Q4) which suggested that the ratio of promotor
to inhibitor required at the apex for flowering is permanently
lowered. However, at high temperatures some devernalisation
occurred, this effect increasing the closer the period of high
temperature was o the time of initiation and the higher the
temperature. Ji is suggested that this effect is,at leas:

partly, if not entively, caused by a general decrease in the

ratio of promotor to inhibitor within the plant due to the increag-
ed tempersture and the reduccion of the aging response and not by
reversion of the effect at the shoot apex. Determining whether
this explenation ig correct would recguire grafts to be done at
various ages with devernelised plants. This would pose censid-
erahle difficulty due to the reduced vigeur of devernalised plants.
The difference in the effectiveness of devernalisation of the shoot
effect between experiments appears to be at least Partly due to

the differing light intensities used in the experiments (table 4.83).
Napp-Zinn (1960) and Schwabe (1955, 1957), working with ZArabidopsis
and Chrysanthemum réspectively, have also shown that devernalisation
is more elfective under low light intensities. Tt is possible that
the effect at the apex is only devernalisable at low light inten=-
sities while the devernalisation via a decreased promotor to

inhibitor ratio is possible under both sets of conditious.

In neither of the experiments to determine the length
of vernalisation required for a response has a plateau been
reached. However, in some of the other experinments 4 weeks
vefnaligation has caused all plants to flower in the low region
(e.g. table 4.5). This variation probably results from the
slightly different post-vernalisation temperatures experienced

on the trucks at different times of the year. In intact plants
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Highkin (19%6), Moore and Bonde (1962) and Amos and Crowden (1969)
have all shown that the size of the vernélisation response in

late cultivars under long photoperiods becomes larger as its
duration is incfeased to 4 weeks. Amos {(14974) showed that further
vernalisation resulted in a deg¢rease in the size of the vernalis-
ation response. In decotyledoniéed plants {(cotyledons rcemoved
after vernalisation) maxzimal promotions of the flowering ncdes
were observed after 2 to 3 weeks vernalisation, longer periods

regulting in gmaller responses {(Amos and Crowden, 1969 A0S,

~

1874). In the present worl no reduction in the size of the
vernalisation regponsce was observed in either intact or decoty-
ledonisad plants as the lencgth of vernalisation was increased

to 4 and 5 weeks respectively. The reason for this difference
has not been examined although the different experimental condit-

ions and genotypes used are poseibly responsible.

Amos and Crowden (1969} using the late cV. Greenfeast
showed that vwrnalisation was most effécﬁive when given from the
start of germination, the effect gradually becoming smaller
until no effect was observed after 14 days in intact plants
or 10 dajs in plants with theiyr cotvliedons removed afﬁer the
completion of vernalisation. Highkin (1856) found that in
the late cv. Zelka the ability for varhalisation was iost within
5 days of the start of germination and that this was not due to
the laying down of new nodes. In L63 the proportion of plants
flowering in the low region drops significantly if vernalisation
is left until 9 days after the start of germination, a total of
approximately 12 nodes being preéent at this stage. It was
suggested in the results that this loss of gensitivity by L63
to vernalisation arose due to the inhibitory ratico of the flowering

hormones produced by the first foliage leaves

,varnalisation not



being able to reduce the ratio sufficiently to cause initiation
in the low region. This ex@lanation cannat explain the results of
Highkin and Ames and Crowden since a long photoperiod was used in
thelr experiments. |

The ability for a shoot effect of vernalisation to
occur at the same intensity,regardless of whether the vernaltisation
treatment is given from the start of germination, from day 13 in ine
tact plante or from day 21 in decotyledonised plants indicates
that as long ag the flowering node of a cultivar is high enough
vernalisation can probably proceed at any age in peas. This stete-
ment ig reinforced by the observation that plants with 20 leaves
expandad can be readily induced tco flower by exposure to cold
temperatures, although whether this effect is due to an effect
of vernalisation on the apex or through a raising of the ratio

of promotor to inhibitor is not known.

Most plants with a quantitative reguirement for vernalisa-
ticn can be vernalised during seed germination like peas (e.qg.
winter cereals (Gassner, 1918); Arabidopsis (Napp-Zinn, 1957}).
After germination many of these species show a decline in their
sensitivity to cold temperatures similar to those reported in peas
by Highkin (1956) and Amos and Crowden (1969). Lang (1965)
suggested this may be due to a lack of storage materials. In
peas this suggestion does not appear to hold,sensitivity to cold
temperatures remaining throughout the life of the plant provided
the flowering node of the cultivar used is sufficiently high
(e.g. LE3). One speciesg with distinct similarities in its
ﬁemperatur@ responses to peas 1s Vicia faba. As in L63 it
becomes slightly more sensitive to vernalising temperatures soon
alfter the start of germination and the effect of vernalisation

is accentuated by subsequent growth under warm SD conditions.
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Further, warm night temperatures are inhibitory to flowering
(Bvans, 195%a). The ability of peas to respond to vernalisation
over their entire life is distinctly different from many species
Qith an obligate requirement for vernalisation {é.g, Hyoscyamus
niger (Sarkar, 1958} ; Lunaria biennis (Wellensiek, 1958):
Streptocarpus wendlandii {Oechlkers, 1958); stvocks (Kohl, 1958))
The majority cof this tvpe of plant are unable to respond until a
certaln amount of vegetative growth has ocourred causing the

plants to have a biennial habit.

Previous workers (Highkin, 1956; Moore and Bondc,
1962) have only shown small devernalisation responszes in peas
{(maximum of 3 nodes). The reason for the small size of these
effects is probably the use of L type peas and long photoperiods.
The temperatures capable of causing vernalisation and devern-
alisation in peas are similar to thosge found in other species
(see review by Lang, 1965). Little work on the effect of varying
growing temperatures has been carried out in peas. However,
both Barber (1959) and Paton (1969) showed that low grcwing
temperatures (10 to 1700) vere promotory when compared to
temperatures above 20°C in late cultivers under 8 to 16h
phmtaperiodg; In continuous light the reverse occurs to & small
degree. Theszse results are not unexpected since in shoit photo%
periods the ratio of promotor to inhikitor would be expected to
decrease as the temperature was increased, if as suggested
previously, the formative reactions of the inhibitor possess a
higher temperature coefficient than‘thoge of the promotor. In

continuous light, inhibitor production by the sn gene is

0}

suppressed and congsequently as the temperature is increased the
ratio of promotor to inhibitor may rise since the formative react-

iong of the promotor would still be expected to have a positive
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temperature ccefficient,

Unlike the pregent results with LE63, Amos (1974) could
find nd evidence in L24 that vernalisation could influence a seed
while it was still developing in the pod. This difference has
probably awisen since in Amos’® experiment vernalisation was only
given to the developing seceds during an 8h dark period and

since L24 ise not nearly as responsive to vernalisation as L6

it

The present result is similar to the response reported in rye

by Gregory and Purvis (1938) and indicates the stability of the

shoot effect of vernalisation in peas,a factor which is <imilar
to the responses ohserved in other species (Wareing and Phillips,

1270).



Distribution of the ncde of first initiated flower for L63 treated as follows: unvernaliseé
(UV) and vernalised (V) intact plants, unvernalised and vernalised decocvledonised
(UV- and V-~ respectively) and grafted in various ways {2.g. unvernalised scicn and stoc
UV/UV). The numbers in brackets represent slow dgrafts. Grafts and cotyledon removal were

1

performed when the epicotyl reached a length of 1-2 cm. The photoperiod was 8h.
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Table 4.2 Thecnumber of L63 plants falling into the low
or combined middle and high regions after being
exposed to 0, 1, 2, 3 or 4 weeksxvernalisation
from the start of germination ﬁollowed‘by SD

conditions on the trucks.

Vernalisation Number of plantg per class
(weeks) , A Low Middle and Hig!
0 G 42
1 1 | 19
2 3 18
3 4 16
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The rumber of decotyledonised L63 plants falling
into the middle and high vregions after 0, 1, 2,
3, 4, or 5 weeks vernalisation either from the
start of germinaticn or after 24 days growth,
The photoperiod was 8h. The cutoff between the

classes was at nocde 40, the distribution of the

flowering nodes being given in Appendix 1.

Vernalisation Frowm day 9O ¥rom day 24
number of plants number of plants
{weeks) middle - high middle high
¥ 0 18
1 0 18 1 14
ya 0 18 8 10
3 12 8 16 2
4 15 1 o 14 3
5 19 0
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Tahle 4.4 Distribution of the node of first flower for L63 treated as follows:left unvernalise

2rmination {(VI-4), after 4 days growth
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or vernalised for 4 weeks from either the start

rowth (V8-12) or 12 days growth (V13-16). The photoperiod was 8h.
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.5 Distribution of the node of first initiated flower for L53 plants given an 8h photoperiod
either on the trucks at an average temparature cof 179%¢ {17} or at a tempesrature of
3, 6, 9 or 12°C in growth cabinets for either the first 38 davs of growth (37T, 6T, 97 and
12T respectively) or until the plumules were 2.5 to 3cm long (3D, 6D, 9D and 12D respectively).
At the completion of these treatments all plants received ¢on 8h pgheotoperiocd oa the trucks.

Node of first flower
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Table 4.6 The number of plants f£alling into the low,
niddle and high regions for LE3 plants given
eithsr 4 weeks vernalisation (V) or no vern-
alisation (UV) followed by 2 weeks at either
10, 15, 26, 25 ox 31°¢C bhefore transfer to
normal temperatures on the trucks. Node 17
was used as the cutoff between the low and
middle regions and node 38 between the
middle and high regions (for distribution
see Appendix 1). The photoperiod was dh.
The percentage of plants flowering in the
low region which showed vegatative reversion
and the average number of nodes of this
reversion ave indicated.

Temperature Number of Plants % Av. length
Rever— of
sion Reversion
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Table 4.7 Distribution of the ncde of first initiated flower in 2 experiments using L63 and an 8h

photoperiod. In the first all plants received 33 davs of vernalisation followed by SD

conditions on the trucks which were either not interrupted (treatment C! cor interrupted

after 0, 1 or 2 weeks by 2 weeks at 22°C {designated treatments 0,1 and 2 respaccively).

The percentace of vegetative reversion amongst plantes flowering in the low region {(11-16)

is indicated. In the second experiment all plants received 32 days of vernalicsation

followed in most by % days at 30°C in either complete dark (D), 8h of wealk flusorascent

light (L} or 8h of high intensity light from a mixed incandescent~fluorescent scurce {d}

before transfer to an 8h photoperiocd on the trucks. One treatment (V) was not exposed

to the high temperature, bheing transferred to the trucks immsd v afiler vernalisation.

Ncde of first flower
353
Experi- Treat- 11 12-13 14 15 16 17 18 19 20 22 24 26 28 30 32 34 36 38 40 42 44 46 Percenit Reversion
ment ment
1 C 2 9 6 4 1 2 = = 2 ~ i = =« 1 = =« s = e = e e - Y
1 G 12 3 - 3 1 - 1 - 2 8 5 2 - - - « 1 = = = = = 100
1 1 2 211 7 1 - = = - 1 I 1I = = = 1 = = = &= - = = 86
1 2 3 5 5 9 2 1 = = = = = - « =« 1 1 1 = = = = = = 100
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Mean node of first initiated flowen (+5.BE.) for
intact, decotyledonised (~cots) and grafted plants

of lines 58 ¢(1f e sn hr) and 53 (1F e &n hr)

either vernalised (V) or unvernalised (UV). Grafting
and cotyledon removal were performed when the
epicotyl reached a length of 1-2 cm. The photo-

period was Sh.
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CHAPTER 5

L=

o
o

The Affect of ZAge on the Gene sn and the Site of Action of
Gene Hr,

INTRODUCTION

Since late cultivars of peas flower between ncdec
20 and 35 under 8D conditions it would appear that the effect
of the $n gene is reduced as the plant ages. Haupt (1969)'
and K&hler (1965) have referred Lo this response ag autonomous
determination. Murfet (1971b) suggests this response occurs
due to either th@rswitching off of the gene &n c¢v the destvuction
of its product. The response appears to occur in the expandad
leaves or mature stem since Haupt (1954) has shown that
when grafts were performed bctween young scions and stocks
of varying ages of the L cultivar Alderman (possible flowering
genotype of L¥ Sn hr (Murfet, 1976 ) the flowering node
docreased as the age of the stock increased. BAlthough this
evidénce is not conclusive since some of the stocks may have
flowered prior to grafting due to the use of a fairly long
photopericd (1l4-16h), it does suggest that the site of the
aging response is the same as the site of action of the 8n
gene {(chapter 3). The gene Hr is a modifier of gn which,
Murfet (1973a) suggests, acts by reducing the effeci of age on
the sn gene rather than by increasing its output of inhibitor.
This hypothesis is supported by the evidence presented in
Chapter 3 which shows that the genotypes 1f e Sn hr and
1f e 8$n Hr do not show different sensitivities to LD cycles
until after three weeks growth. The site of action of the
gene Hr has not been examined but if #r directly affects the
aging response which in turn acts by reducing ﬁhe activity'
of the sn gene it might be expected to be in the expanded
leaves and shoot. To examine this gquestion grafts between

the genotypes 1f e Sn hr and 1f e Sn Hr were performed when
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the plants had approximstely 8.5 leaves expanded. To clarify
the site of the aging response under SD conditions grafts were

also performed between old and voung plants of genotype

i

lf e Sn hr.

The genotype 1f e gn Hr has been examined by Murfet
(1973a) end is reported to possess an ED phenotype, although
under poor growing conditions it has distinct EI tendencies.
The three genotypes If e sn hr {ED),lf e sn Hr and If E Sn hr
ware examiﬂ@d in order to further clavify the phenotype of the
genotyps 1Ff e sn Hr and to allow the site of action and effect

of the gene Hr on a sn bhackyground to he examined.

The role of the foliage leaves in the control of
flowering in peas has not heen clearly determined in the lit-
erature. Paton (1967, 1963) has shown that a d@finite‘leéf
requirement exists for flowering in the late cultivar
Greenfeast and that this reguirement is raised by shortening
the photcperiocd or increasing the temperature. This would be
anticipated if inhibitor production can occur in the feliage
leaves as suggested by Murfet (1971a, 1973b) since the resuite
in chapters 3 anc 4 indicate that snortex photap@riods and
higher temperatures result in decreased promotor to inhibitor
ratios. However, Sprent (1966) has suggested that the leaf
area of a plant cannot affect flowering in a quantitati?e
manner and has presented data from defoliation experiments
supporting her claim. During the present study experiments
uéing defoliation and grafting technigues were designed to
clarify the previously contradictory results of Paton (1967)
and Sprent (1966) and to show whether the aging response which

is shown to occur in the expanded leaves (and possibly mature
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stem) occurs due te each leaf becoming more promotory with age
or to the later formed leaves being more nromotory than the first

formed leavesg.

Controversy has existed for many yvears over the reason
for the pircmotion of the flowering node in decotyledonigad late
varietiez. Barber and Paton (1952), Paton and Barber (19%55),
Johnston and Crowden (1967) and Amos and Crowden (1969) have
suggested it Qas caused by the removal of a source of inhihitor

while several authors (e.g. Haupt, 1954, 1969 ; FEKEohler, 1965

e

Murfet, 1973b; nAmog, 1974; Celling and Wilson, 1974b) have
suggestad it is caused as a result of the reduced rate of
growth of the decotyledonised plants. Marfet (1973b) presents
evidence which would suggest that,at least in some late flowering

genotypes under $D conditions, cotyledon removal would result

in a lower ratio of promotor to inhibitor being ?resent in the
plant soon after cotyledon removal. »Amos (1974) suggests the
promotion is dve to a reduced number of nodes in apical bud

and as a consequence of this hypothesis one must assume a
distinct meer of leaves need to be expanded before initiation
can occur. Collins and Wilson (1974Db) suggest that since the
timé of initiation is delayed by cotyledon removal in the late
cve Greenfeast, the promqtion of the flowering node is'unimportaht
as 1t does not reoresent a valid measure of the changes to the
reproductive state. This statement assumes that chronclogical
age is of utmost importance to the plant and that the physio-
logical age{ﬁ%x&presenﬁed by the number of leaves expanded and
the total number of nodes)is relatively unimportant in determin-
“ing the onsct of flowering. Murfet (1%73b) suggests that the
chronological and physiological ages of the plant get out of

step and this leads to the phasing cut of gn activity at a
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lower node. The present work set out to determine whether the
chronoleogical or physiological age was most important in det-
ermining the sensitivity of the genotype I1f e &n Hr to LD

cycles and whether the explanation of Amos (1974) could acuount
for the entire decrease in the flowering node of a decotyledonised

L type Lline undexr &SD.

MATERTALS AND METHODS

Determination of the Effect of the Gene Er on an sn Background.

A factorial design was used. It congisted c¢f the
3 lines, L68 (1f e sn hr), L64 (1f e &n Hr;, and L60 ( 2If ¥ &n hr)
and the three trezatments, intact plants, cotyledons rémmvcd on
day 5 (decot) and the cotyledons removed after 24 hours imbibicion
(embryos). The embryos were grown in teszt tubes on White's
nutrient agar until 5 leaves were expandced and then
transferred to the normal growing medium. The characters
FI, PT, P and TNE were scored. Fifteen plants were grown
per treaatment with the exception of embryos where about 20
plants were used to compensate for the losses cauged‘by fungal
attack on the young plants. The photoperiocd was 8h. The

ragulta are contained in table 5.1.

Site of Action of the Gene Hr.

The two lines, L53 (If e Sn hr) and L63 (1f e &n ILr),
were grown under an 8h photoperiod on the trucks and the grafts
53/53, 53/63, 63/53 and 63/63 performed as indicated in chapter 2.
At the time of grafting (day 28) there were between 7 and 10
leaves expanded. Twenty-four grafts were attempted per treatment,
the number Survivineranging from 4 to ¢. The résults are
contained in table 5.2. The flowering node of grafts refers to

that of the scion counting from its own cotyledons as zero.

Impenetrant plants were excluded from the analvsis.
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Site of Action of the Aginy Response in Genotype 1f e $n hr.

Grafts were c&rfi:d out between 1,53 plants of three
different ages. ©ld plants (0) sd 24 days growth before
grafting and’aﬁ this stage had an aﬁerage of 18.3340.26 nodes
Jaid down and 8.4540.22 leaves expanded(from a sample of 12
plants),<No flower buds wefélobserved in any of the apicesx.
Young plants (YY) had only 5 daYs growth before grafting,theirx

pluniles being 1 - Z2com long. The oldest plants () were 47

dave old at the time of grafting and from & sample of 12 plants

2

o
Y

had an average of 23.334+.31 nodes laid down and 12.89+.15

4

leaves @xpanﬁedo Bight of these twelve plants had flower buds
visible in their apices at the time of dissection, 23 well us
intact plants of each age, 28 gréfta of the following five

types were perfovmed:- Y/Y, Y/0, C/Y, Y/F and 0/0. The photo-

period was 8h. The results are contained in table 5.:.

Mechanism of the Aging Response in Genotypes IF e Sn hr and
if @ 5n Hr.

L53 plants (15 e Sn hr) ware grown under an 2h
photoperiod on the trucks until day 26 (8.81+.13 leaves
expanded and 18.12+.23 nodes laid down} at which time they
were either left intact or had the leaves (leaflets, stipules and
petioles)removed at nodes 6 to 9, 2 to 7 or 3 to 9 (all expanded
leaves). One group of plants was defoliated at nedes 6 to 9 and
at $ﬁbgequent>nodes as they expanded until flower buds were
Visible; It should be noted that nodes 1 and 2 possess only
small scale leaves. Twenty four plants were grown per treatment,
the results being tabulated in table 5.4. A one-way analysis of
:covariance was performed between the flowering nodes and the
number of leaves expanded after 45 days enabling adjusted
flowering nodes to be obtained. This technique allows a prim-

ary adjustment to be made for différent growth rates.
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In a further experiment, 4 day old scions of L53°
were grafted onto either 4, 20 or 37 day old stocks using the
grafting technigue described in chapter 2. The stocks were cut
between nodes 0 and 1 for 4 day old plants, 5 and 7 for 20 day
old plants and one group of 37 day old piunts and nodes 10 and
13 for a second group of 37 day old plants. Only twelve intact
plants and grafts with 4 day 0ld stocks were grown. Twenty
four grafts cf each of the cther 2 types were performed, a low
success rate being obtained with 37 day old stocks cut between
nodes 5 and 7 due to the "woody" nature of the stem at this
time. It should be noted Lhat the cotyvledons werxe dead befone
grafting in the 20 and 37 day old stocks, but that all foliage

leaves were alive. The results sre contained in table 5.5,

In an experiment with genotype 1f ¢ Sn Hr, L63
nlants wevre grown under an 8h photopericd on the trucks until
29 days old (9.43+.09 leaves expanded). Groups of 72 plants
were then either left intact or completely defoliated at nodes
3 to 10 inclusive (all expanded leaves), nodes 3 to 8 or nodes
5 to 19. 18 plants of eacl treatment were then exposed to
either 1, 2 or 3 LD cycles or left continuously under 8D
conditions. When about 45 leaves were expanded the plants
were transferred to the apron to mature., The results are

recorded in table 5.6.

Effect of Chronological Age on the Sensitivity of Plants of
Genotype If e Sp Hr to LD Cvcles.

Two groups of L63‘plants were planted 21 days apart
under an 8h ph@tope:iod on the trucks. In order to alter the
relationship batween chronclogical and physiclogical age half the
yvounger plants (young) and all the older plants (old) had their

cotyledons removed 5 days after the start of germination (yvoung 5
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and old 5 respectively). The remainder of the young pliants had
their cotyledons removed on day 27. On day 27 for the voung
plants and day 48 for the old plants groups of 12 plants of sach
treatment were exposed to 1, 2,’3 or 4 LD cycles or left underx
continuous S conditions. The voung 5 and o0ld 5 treatments also

receilved 5LD cycles. The results are contained in table 5.7.

The Relationship RBetween the Number of Nodes in Lhe Arex and the
o

Flowering Node ir Genotype 1f e Sn hr.

Flants cf L53 were grown under an 8h photoperiod on
the trucks and were either left intact or had their cetyledons
removed on day 5. Twenty one plants of each treatment were
grown, § plants of each type being dissected when leaf 10 was jusc
coming free of the stipules and the total numbex of nodes recocded
This developmental stage coincided with the time at which init-
iat on was occurring in the decotyledoriged plants. The results

are contained in table 5.8.

RESULTS

As previously shown by Murfet (197la, 1973k) intact
plants of genotype If E Sn hr (L60) show considerably increased
flowering time, node of first pod and toﬁal number of leaves
expanded values when comnpared to genotype I1f 2 sn hr (e.g. LG6E)
under an 8h photoperiod (table 5.1). Although both possess
flowering node values within the early region (L60 is,however,
significantly later than L68 at the 0.001 level) these éharacterw
istics allow distinct classification of these genotypes into the
ED and El classes respectively (Murfet, 1971la). Intact plants
of the genotvpe 1f e sn Hr (e.g. L64), although flowering at
the same node as L68, show flowering time, node of first pod
and” total nmumber of leaves expanded values intermediate between

those of L68 and 160 confirming the previous results of
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Murfet {(1973a). Colyvliedon removal in the lines 68, 64 and 60 under
SDh conditions leads to delays in the flowering node of 0.56 (not
significant}, 4.20 and 7.56 nodes (both significant at the 0.001
level) regpectively. The results for L64 ave most easily inter-
preted as suggegting Hr is active in the shoot kut not in the
cotyledons since with the cotyledons intact and therefore forming
he bulk of the plant tissue over the first 2 weeks of growth

the promotory ratio of the flowering hormones coming from them
wvould swanp any inhibitory effect coming from the developing shoot.

However, in decotyledonised plants the ratio of promoter to inhib-

o

itor reaching the apex is determined solely by the developing
shoot (except for any contribution from the cotyledens prior to
their remceval on day 5) and cogﬁeéu@ntly the flowering node is
delayved. The effect of Hr in the shoot is still?howcvarfobse?ved
in intact plants since the rate of floral development and

-

senescence are delayed in genotype 17 e sn Hr when compared

to genotype I1f e sn hr. This interpretation is consistentc

with the resuits in c¢hapter 3 which shéw that Hr does not affect
the number of LD cycles required for induction until after 3 weeks
growth cn a 1f e Sn background. The results for’LSO cupport

the hypothesis that the gene ¥ causes a more promotory prpmntor

to inhibitor ratic %o be produced by cotyledons carrying oa

and that the gene r does nol appear to be active in thé shoot

w

“(Murfet, 197lc, 1973b). In continuous light, intact L64 plants

flower 0.68 nodes later than L6383 plants {significant at the

0.001 level) while cotyledon removal leads 1o a small but in-
significant brom@tion of the flowering node in both lines.

This last result indicates that in L64 the effect of decotyledon-
isation is photop@riddic since a substantial delay was ohserved

under SD conditions. It lg pot clear whether the Fr gene in IL.64

is acting by delaying the effect of age on the Sn locus as’



134,

postulated by Murfet (1973a) or by‘anather mechanism. If it is
acting by the first mechanism the gene sr must be a leaky

mutant as suggested by Murfet (1971lc), aAmcs {1974) and‘R@id and
Murfet (197%a). ‘The first alternative would seem the more

likely since the $n locus has been shown to exhibit a photo-
period effect (Barber, 1959) and this effect is even apparent

to a small extent in decotyi@doniged plants of genotype 1f e sn hr
(significant at the 0.001 level, see L68, tabls 5.1). Consequent-
ly it does not seem necesszyy to postulate a second gene (dr)

capable of controlling a photoveriod effect.

Imbryvo culture of L8 and Lé4 plants under both
photoperiods led to a delay of 2:0 to 2.5 nodes in the flowering
node when compared tO the decot treatment. As this exira dslay
exhibits no photoperiod response it seems unlikely to involwve
the sm locus. This delay could be an indirect effect due to
the build up of ethylene in the test tubes during embryo culture
as ethylene is shown to delav the flowéring node of the ED
variety L58 by up to 4.7 nodes in ¢hapter 7. L60 plants raised
from embryos flower 2.1 nodes earlier than thé LEO,decot  trea-
tment. This anomaly could be explained by the very poor growth
rate of this treatment (even compared to the other embrvco
treatments) since poor growth has previcusly been shown to
reduce the flowering node of plants flowering in the late region

(Reid and Mﬁrfet, 1974a),

When grafts were performed between L63 (1f e Sn Hr)
and L53 (1f e %n hr)‘plants with approximately 9 leaves expanded
one result stood Ou£¢ The 63/53 grafts flowered 30 nodes
earlier than the 63/63 grafts (significant at the 0.001 level)

indicating that the principal site of action of #r is in the



mature stem or expanded l@avesv(tabl@ 5.2). However the 63/53
grafts were still significantly later (al the 0.001 level) than
the 53/53 grafts. The 53/63 grafts flowered at a similar
node to 63/53 grafts but wera not sEgnificantly latexr than
53/53 grafts due to the large variance of the 53/63 treatment
which may be attributed to the flewering of two of the L53 scions
prior t@qthe graft union becoming fully operative. The site of
action of Hr (from the data in tables 5.1 and 5.2) therefore
appears to be in the developed shoct and leaves and not in the
cotyledons or at the apex. L53 intact plants flowered signif-
cantly later (at the 0.001 level) than the 53/53 graftg;
possibly due to the incomplete opecration of the graft union

or the raduced growth rate caused by grafting which allowed

aging processes to continue whilst growth was retarded.

The site of the aging response would appear to be
in the mature gtem or leaves since young scions of L53 (plumules
1-2 om long) grafted onto ©ld stocks {(0) OF LE3{possessing
between 8 and 10 expanded leaves) flowered 7.86 nodes earlier
than self~grafted old plants {(significant at the 0.001 level)
(table 5.2). This change <ould not be due to some form cf
~secondary induction broughlt about by previous flowering of the

stocks as the avices of 12 stock plants were dissected and no

0

flower buds were observed. When voung scions were grafted onto
stocks that had mostly initiated (had 12-14 leaves expanded)
ﬁhey flowered 1.27 nodes earlief‘than when grafted onto O stocks
(significant at the 0.001 level). This promotion could be
explained by the continued aging of the stocks, no rapid change
in the level of the flowering hormones at the time of initiation
being indicated. No significant difference in the flowering

node was observed hgiwe“n self grafts made with young plants
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or old plants. 01d scions grafted onto youung stocks were
significantly delayed compared to old/olﬂ grafts (significant
at the 0,001 level) indicating that 5 day 0ld cotyledons produce
a more inhibitory level of the flowering hiormones than shoots
with between 8 and 10 leaves expanded. Tnese results support
those of Haupt (1954) and show that the site of the aging
response and the gite of action of Fr are similar to that

of the site of activity of the Sn gene. This is coasistent
with the hypothesis that #r blocks the aging response, and that
this response is due to a drop off in the activity of the

sn gene in the leaves (Murfet, 1971b, 1973a). Hr could bhe
cperating at the gene level by prcducing a substance which

can combine with a repressor of the $n gene, the amount of
repressor normally increasing with age. COther possibla
nechanisms could occur and without a knowledge of the chemical
nature of the products of the two genes no d@fihite answer

regarding the nature of the mechanism can be given.

When the lower leaves (leaves 3,4 and 5) are renoved
from L52 under SD conditiors the flowering node is increased
relative to the intact plants while i£ the higher expau&ed
leaves {leaves ¢ to 9} are removed it is decreased (takle 5.4) .,
Continued rewmoval of newly expanded leaves on planté defoliated
initially from nodes 6 to 9 or rewoval of all expanded leaveé
at one time also resulted in a lowering of the flowering node
(table 5.4). TFrom a one-way analysis of variance these results
were shown to be significantly different at the 0.001 level.
However, the defoliation treatments also alter the rate of
vegetative growth and vigour of the plants and this has been

‘reported to affect the flowering node of late cultivars

(Haupt, 1869 Reid and Murfet, 1974a). In order to make
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a primary adjustment for this altered rate of growth a one-way
analysis of covariance was performed between the flowering node
and the number of leaves expanded after 45 days’growthu The
adjusted mean flowering nodes for the five treatments were
still significantly different (at the 0.001 level) suggesting that
the altered flowering nodes caused by the defoliation treatments
were not entirely due to altered rates of vegetative growth.

It would seem that the lower leaves are sliqhtlyrmore promotory
than the later formed leaves at the time of defoliation. This
would suggest that each leaf goes through a cycle from inhib=-
itory to promotory as it ages. This view is reinforced by the
fact that 4 day old L53 scions grafted onto 20 day old L53
stocks, cut between nodes 5 and 7,flower 5.6 nodes later than
‘similar grafts where the stock is 37 days old. {table 5.5).
With 37 day old stocks, grafts performed just below the apical
bud (between nodes 10 and 13) only flowered slightly later

than those performed between nodes 5 and 7 (not significant)
indicating that the later formed leaves are not particularly
inhibitory. This may‘suggest that as well as each leaf
producing a higher ratio of promotor to inhibitor as it ages
the later formed leaves may start off with a slightly higher
ratio than the earlier formed leaves. This may also explain
the rather small responses to defoliation observed in the
present experiments and previously reported by Sprent {1966a)

since the two responses would oppose each other.

Two groups showed up when intact L63 plants, or L63
plants with leaves 3 to 8, 5 to 10 or 3 to 10 (all expanded
leaﬁes) removed,were exposed to continuous short days or 1,2
or 3 LD cycles, (table 5.6). Although the intact plants did

show slightly higher pércentages of flowering plants after
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1 and 2 LD cycles than did the plants with leaves 3 to 8 removed,
the difference was not significant. Similarly plants with

leaves 5-10 removed showed slightly higher percentages (not
significant) of flowering plants after 2 and 3 LD cycles than did
those with leaves 3 - 10 removed. This latter treatment had very
small numbers of surviving plants due to the severe nature of
the defoliation. The first two treatments, however, showed

much higher percentages of flowering plants after 2 LD cycles
than did the latter 2 treatments. This difference between

intact plants and plants with all their expanded leaves removed
(leaves 3-10 removed) could simply reflect a reduced ability

by the 1gtter type to perceive the photoperiod or that the

plant could not produce sufficient promotor during the con-
tinuous light treatment to alter the original inhibitory ratio
of promotor to inhibitor to the same extent as in intéct plants.
Although the plants with leaves 5-10 removed did have a smaller
residual leaf area than did plants with leaves 3-8 removed, it
seems unlikely that the difference (significant at the 0.001
level) in the percentage of flowering plants would remain almost
as large as between the intact and completely defoliated treat-
ments due to this difference alone. I suggest that the differ-
ence is also contributed to by the fact that the lower leaves

in this genotype (If e S$n Hr) produce a lower ratio of

promotor to inhibitor under short day conditions than do leaves
formed at a later stage. This result in L6232 is different to
that observed in L53 since no aging of an individual leaf

is indicated. It appéars the gene Hr may be responsible

for this difference between L53 and L63. However, the
genotype 1f e Sn Hr could still become more sensitivé as it

ages due' to the latér formed leaves being slightly more

promotory than the earlier formed leaves as appears to occur
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in both genotype 1f e Sn hr and 1f e Sn Hr. It seems likely
that at least the aging response being affected by Hr

is due to a drop in inhibiﬁor levels and not an increase

in promotor levels since Hr is a specific modifier of Sn

(Murfet, 1973a).

The results in table 5.7 come from an experiment
designed to examine whether chronological age or the stage
of physiological development is more important in determining
the sensitivity of L63 plants to various numbers of LD cycles.
Plants of the same chronological age as the control plants
(treatment young, 27) but possessing a reduced amount of
physiological development were produced by decotyledonising
a group of plants on day 5 (young 5). The young 5 treatment
was less sensitive to LD cycles than the“young 27 treatment
indicating that chronological age cannot be the only factor
affecting the sensitivity of the genotype 1f e Sn Hr to LD
cycles. However, this result does not mean that chronological
age does not have some effect on the sensitivity of the plant.
In order to try and obtain plants at the same stage of
physiological development but possessing a different chrono-
logical age from the young 27 treatment a group of plants were
planted‘Zl days before these plants and decotyledonised on
déy 5 (treatment old 5). Unfortuﬁately at the time of treatment
the old 5 treatment possessed significantly (at the 0.001
level) more expanded leaves than the young 27 treatment. The
0ld 5 treatment was slightly more sensitive to 1 LD cycle
than the young 27 treatment. This difference could be attributed
to the different stages of physiological development in the
2 treatments and need not reflect the effect of chronologicai

age. The results therefore suggest that chronological age is
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not of prime impoevtance in detevrmining the sensitivity of 163
to LD cycles and would support the idea that a leaf reguirement
exists for flowbkring in peas in a particular set of environmental

conditions as sguggested by Paton (1967).

The Squestion by Amos {(1974) that ths difference
in the number of nodes in the\apax between intact and de-
cotyledonised vlants can explain the entire promotion of the
flowering node caused by cctyledon remcoval is shown not to be
true in L5353 under SD {table 5.8). Although the two treatments
do possess different numbers of ncdes in the apex (significant
at the 0.001 level) thiz difference could only account for 1.5

nodes of the total promotion of 5.5 nodes in the flowering nods.

DISCUSSTON

The classification of the genotype If e sn Hr as
ED would seem inappropriate since under good summer growing
conditions this genctype iﬁ closer Lo tha genotype If E Snkhr
than to the genotype If e sn hr in terms of the total number
of leaves expanded and the flowering node shows a large delay
after cotyledon removal (4.2 nodes). Murfet (1973a) has shown
gimilar tendencies of this genotyue tewards the BT phenotype,
particularly under poor growing conditions, and conseguently
I suggest that at least where physiological experimentﬁ are
concerned it is not included in any of the present phenotypic
classes. This raises the queStion of the usefulness of the
phenotypic clagses as a system of classifying the variation in
the flowering behaviour observed in peas. It Was undoubtealy
very ﬁgeful at the start of the major crossing programme per-
formed by Marx (1969) and Murfet (1871la) and allows other

workers to relatée their own results to those of the above



authors. HoWeveﬁ, sufficient genetic wvariation appears
to exist in peas to allow the selection of intermediates
between all the classes (e.g. 64 between ED and BEI; L65

,
between ED and I, (Murfet and Reid, 1974}: Lb6la gives plants
fitting into both the EI and I, classes {(chapter 7) etc.).
It may now he more appropriate to describe the responses of

.

new genotypes of peas by comparing their behavicur to that

of the lines already reported in the literature. This app-
roach has been used with great success by Murfet (1975 ) and,
provided the reported genctypes are veadily available,will

result in a much clearer clasgification of the flowering

behaviour of new genotypes.

The suggestion that the gene sn is a leaky mutant,
as well as explaining the photoperiod effect observed in

decotyledonised plants of the genotypes 1f e sn hr and

Q
h

1f e sn Hr and the action the gene Hr on a sn background
would also explain, at least partly (Rowberry, unpubj, the
small photoperiod effect observed by Murfet and Reid (1974)
iﬂ intact L65 plants (Lf e sn hr}. This effect i possibly

obgerved in L65 plants since this genotype has a very late

nd does not initiate until well

¥

group of polygsnic modifiers a
after it has come through the ground. Most lines carrving
sn initiate before or very scon after emergence and would

therefore not have time to respond to the photoperiod.

Since it appears that each leaf in genotype If e Sn hr
becomes more promotory as it ages it would be anticipated that
for a particular treatment a definite leaf requirvement would
exist in late cultivars as suggested by Paton (1967). However,

the suggestion by Sprent (1966} that foliage leaves are not
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imvolvéd in the photoperiod response in a guantitative fashion
is easily reconciled with Paton's view*wh@ﬁ it is realised that
as well as each leaf baaéming more promotory with age, later
formed leaves may start with a mofg promotory level of the
flowering hormones than the earlier leaves. These two responses
oppose each otherr, resulting in the removal of any leaf or group
of l@a§e§ tending to have only a émall e¢ffect on the flowering
node., The differences between the regsuiits of Paton and Sprent
probably arise due to the different severities of the defoliaticn
treatments used hy these two workers. The rceason for the delays
observed by Paton after defoliation provably result from the
increased effect of the inhibitor produced in the shaded
‘cotyledons when leaves exposed to a 13h photoperiod ore

removed. In other swecies it has been shown that the later
formed leaves are often more promotory than the earlier leaves
(e.g. Lolium (Evans, 196Cb); Sinapis (Lang, 1905); Bryophvllum
(Zeeveart, 1942) and pPerilla (Zeevaart, 1958)). The observation
that each leafl becomes moyre promotory as 1t ages doesz not appear
te have been reported although a peak hés been observed in
Xanthivm (Lang, 1965). This difference in the mechanism of

the increase in sensitivity with age between peas and other
species again illustrates how evoluticon may solve the one

problem in different ways in  separate groups.

The reason for a promotion of the flowering node
after cotyledon removal in late varieties in SD would not
appear to be due to the removal of a source of inhibitor
(Murfet, 1973h) although this may well account for part
of the promctiocn in long photoperiods sgince the buried
cotyledong would then be the major source of inhibitor.

Although a portion of the effect could be attributable to a
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leaf regquirement

s

raduced number of rnodes in the apex when the
ig met, the majovity of the promotion,at least in L53 under SD
iconditionsf would appear to be caused by some other mechanism.
Since chronological age does not appear to be of major

Ko

importance in decermining the sensitivity of the genotype

1f e 5n Hr to LD cycles and the effect of self grafting on the
flowering unode is usually small in late cultivars even though
the grcwth rates are markedly changed (Murfet, 197la, chapter 4},
the arguments of Collins and Wilson (1974b) explaining the
promotion purely in terms of chroncological age would seen
invalid. The use of the time to initiation as a measure of the
change from vegetative to florél development as suggesied by
Collins and Wilson (1974bh) would not appear an improvement

over the flowering node due to this lack of importance of

thz chronological age,although both characters may need to be
consgidered in some cifcumﬁtances. T suggest the promotion
caused by cotyledon rewmoval in late cultivars comes about due
to several reasons. Firstly, the chronclogical age and
physioclogical development of the leaves maykget out of step
with each other resulting in a change to the production of a
proemotory level of hormones at an earlier stage of physiclogical
development (analeogous to the explanation of Murfet 1973b),
gecondly a reduced number of nodeg in the apex results in
earlier flowering once the leaf requirement is met and thivdly
the removal of a source of inhibitor provided the shoot is

exposed Lo a long photoperiod.
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Table 5.2 The mean node of first initiatod flower + S.E.

for lines 53 (1f e Sn hr) and 63 (1f e &n Hr)
and the grafts 53/53, 33/63, 63/53 and 63/63.
The photoperiod was 8h and the grafts were per-

formed after 28 days growth (about 9 leaves expanded).

‘ SCION INTACYT
L53 L63

STOCK Y4+ 8B, nl x <+ 2B ni x + 5.% n

-
d ©

n

U1
ie-N

L53 18,75 20.50+ .43 6 ]20.94+ .40 16

163 20,33+ 1.26  6|50.33+ 2.11 6]49.88+ 1.03 17
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Table 5.3 The mean node of first initiated flower +S.E. for
agrafts between L53 plants (I1f e Sn hr) of three
eges; young plants (¥) being 5 days old, old plants
(0) being zZ4 days old and flowering plants (F) being
47 days old at the time of grafting. The photoperiod

was 8h.

SCION ' INTACT

£ 5.8, n X

e
o
=
o]
1
1
1%
"
C
e
o]

STOCK X

10

4
(9
~d

22.60

8
N
O
]
b"v
~2
N3
e
oy
o,
]
(&)
L)
Ny

Y 20.72 ¢

I
A
LES
N
f]
[y]
jo
e
(S

4
st
[y
[y
ee]

0 12.86 22.66 £ .59 7

Lh
<o
co
Ln

¥ 1.59 ¢ .18 23 e 20.60
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The wean nodsae of first initiated flower (FI}iS.EV

wmber of leaves expanded afuer 45 days growth

PR W ey
(Lh:) T e L e

and mean adjusted flowering node

(Ad], PI) + 8.8, for L53 (1f e $n hr) plants

either left intavt or defoliated at nodes 6 to 9,

3 te 7 or 3 to 9 on day 246 or defoliated at nodes

6 to 9 on day 26 and at subseguent nodes ag they

expanded (cont.}. Yhe photoperiod was 8h and n ;; 19.

CHARACTER

INTACT 6 v 9 3 to 7

®xiS.E. xiS5.E. X+t5.E. X+S5. 8. Xi5.8E.

Pr

LE

ADJ, FIL

N
fad
+

a3
=

22.83+.35 21.61+.22 S0+, 57

21.42+.32 21.32+.20

17.35+.23 16.43+.22 16.65+.31 14.53+.26 15.56+.15

21.93+.43 21.39+,30 23.22+.

33 22.

o

14,57 21.75+.35
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Table 5.6
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L63 plants (If e Sn Hr) were aithey left intact or
defoliated at either ﬁoées 3 to 8 (-3 to 8), 5 teo 10
or 3 to 10 after 29 days growth. The percentace of
plants induced to flower (%) under continuous 5D
conditions (8D} or aiter 1,2 or 3 LD cvcles (first

cycle 32h, then multiples of 24h of Jligut) is

indicated along with the numbexr of plants used (n).

TREATMENT

SD 1L 2LD 31D
n

oo

o0
=]
oL
o
S5
=

INYECT
-3 to 8
-5 to 10

-3 to 10

0 12 15 13 100 15 1090 1i
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Table 5.8 The mean node of first initiated flower (FI)
+ S5.%. and nuwnber of nodes present when leal 10
came free of the stiples (IW) +8.E. for L53
plants (I1f ¢ San hr) exposed to an 8h photopericd

and either left intact or decotyledonised on day 5

(Decot 5).

CHARACTER INTACT DECOT 5

= + = .
X - S.E, n X - S8.KE. ) n

FI 23.00 + .83 i2 i7.50 + .49 14

1

e

TN 19.17 + .17 6 17.67 + .33 6
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CHAPTER 6

The development of a bioassay for compounds affecting flowering.

INTRODUCTION

Before a search cén pe commenced for a compound or an
extiract which could mimic the action of a gpecific gene a test
svstem needs to be devised which can respond readily to a single
dose of the requirced substance. Murfet {(1271b, 1973b) has
reportaed that the penstrance of the gene so is not complete in
the genotype 1f e Sn hr, the penetrance varying from 0.5 to 9.98
The impenetrant plants are phenotypically similar o EI plants
while the penetrant plants are Lttypesw He has shown that a set
of penetrance modifiers exist which act in the cotyledons to
alter the balance of flower promotor to inhibitor reaching the
apex. The penetrance can be significantly varied by small
environmental variations and by the removal of 1 or both
cotyledons suggesting that at the time nodes 10-16 aie laid down
(the nodes at which impenetrant plants flower) the ratio of
promntor to inhibitor is close to the threshcld for flowering.
A line of plants having a penetrance between 0.4 and 0.6 under the
ncrmal ;. 8D growing conditions (e.g. Murfet's Léla) may therefore
be a suitable test plant for substanceg which alter the level of
either the piomotor or inhibitor or the sensitivity of thebplant
to a patticular balance of these hormones. For this reason an
in;estigation of the effects of several environmental factors
which have been suggested to alter the balance of flowering
hormones in peas was carried out on L6la,

A large number of plant growth substances and related
compounds have been surveyed (table 6.1) using L6la as the

biocassay. Several of thege substances, including SKF7997, GA 5



and Ethrel,

Anderson (1966), Barbe

respectively, to cause si

node of peag. it ds

However,

have previously been reported

not clear

s

by Moore and

and eid and Murfet (1974b)

rations in the flowering
action is

whether their

a direct effect on the flowering process or due to some indirect
effect (e.qg. tered vegetative growth). It was hoped that by
using L6la, the only substances which could significantly alter
the penetrance would be those having direct effects on the
flowering processes while the indirect effects would be observed

as alterations in the fliowering
the late classes.

The er differe

were examined by treating Léla w
commercial cultivars, Massey (ED

MATERIALS AND METHODS

lany

are contained in table 6.2 The

°

impenetrant plants was normally between nodes 17 and 18,

in some experiments

zero point occurred at

the penetrance substantially

14

ication of 1 plant wou
nodes obtained in a typical
in table 6.3.

varied from 32 to 60,

treatment being shown in table 6
1,2 (except for the continuous 1

this cutoff was

be altered.

experimar

the number of plants

node of the early and, pcssiklyv,

nces between ED and L types
ith extracts from the tTwWo

) and Greaenfeast (L).

separate experiments were carried out and the result

cutoff between penetrant and
Howeaver,
raigsed by 1 node if a cleaxr

This change would not alter

since normally only the classif-

A full list of the flowering
1t {(experiment 2) is given

The number of plants used in each treatment

- -

surviving in each

2. The plants in experiments

ight treatment), 3, 4, 5, 7, 8,

14

11 and 12 were planted 2-3 om below the surface of the growth
mediwa. All plants received an 8 h photoperiod on the trucks
unless otherwise stated. Plants receiving vernalisation
received 34 days treatwment at between 2 and 4°c immediately
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after planting. Decotyledonisation was done after 5 days

growth in unvernéiiged~plants and at the completion of
vernalisation in vernalised plants.  Continuous light was given
from the start cf germination by germinating the plants in Petri
dishes on wet cotton wool exposed to 1600 lux ﬁrom'&,mixad
incandescent-fluorescent source and then trangpianting them to
the top of the growth medium in the cans. Treatment of plants
with the chemicals Ethrel, ARA, GA?, AMGLG61E, CCC, androsterone,
cholesterol, estradiol and progestercons was deone by placing a
10 pl drop of ethanol containing the required amount of each
chemical on the dry testa of the seeds befove pilantiong.
ﬁntr@at@d plants received only ethanol. ﬁeavy seeds weighed 0.31lg
on average and light seeds (.16g. Seeds were selected from

a Sihgl@ harvesting. The plants treated with a2guasol in
experiment 12 received this nutrieﬁt once a week while the plants
treated with Hoagland's nutrient received it twice a week. In
experiments 6 and 9 the seeds were yerminated in petri dishes
containing 25 ml of either water (controls) or an agueocus
solurion of the required concentration of SKgF7997 cy kinetin
and then transplanted to cans, the cotyledons resting on the
surface of the growing medium. Table 6.) contains a list of
some properties and synonyms of the chemicals used.

In experiment 10 extracts from Massey (ED) and
Greenfeast (L) plants were prepayed in order to examine the
difference between BD and L types (probable genotypes of
1f BE/e sn hr and I5f e Sn hr vespectively (Murfet, 1976)).

This was done by blending 200 eleven dav old plants of each
cultivar with 150 ml of methanol. Only the shoot and

cotyledons were included:. Prior to extraction the plants were

raised on the trucks in an 8h photoperiod. After blending,the
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methanol was removed at 30°C and the remaining solution
centrifuged, filtered and made up to 150 ml with water. IL6la
seeds were allowed to imbibe this solution for 36 h,by

placing the seeds on cotton wool scaked in the extract, and then
plantaﬁ 2 cm below the surface of the grewing medium in an 8 h
photoperiod at 12.5%C. The plants were transferred to an 8h photo-
period on the trucks after flowsring in the EI region was completed.

The L6la

w

eed used in any particular experiment always
come frem a single harvesting of a group of either F%’ Fg, Flo
or Foqy plants. In order to establish whether there was significant
genetic variation for penetrance within this seed, seed from
impenctrant and penetrant FS platté was kept separate and a

sampla of each progeny grown under an 8§ h photcperiod. Although
not statistically significant, a small difference in the
penetrance was evident between the 2 groups of piogeny (table

6.2, experimant 1) and conseguently single plant selection will

, from which the final L6la will he

&

be continued until the Fl

selected.
RESULILS

Effect of photoperiod, vernalisation and cotyledon removal.

As previously reported by Murfet (1973b) cotyledon
removal significantly increasgses the penetrance of Léla,
possibly due to a higher promotor to inhibitor ratio being
produced by the cotyledons than the shoot (table 6.2,
experiment 1). The cotyledons of other late lines (e.g. L53)
probably alsce produce more promotory levels of the flowering
hormones than the young shoots but this difference is larger
in L6la due to the presence of penetrance modifiers.
Decotyledonisation also leads to a drop in the flowering node of

2.8 nodes in the late region., This drop ig probably largely
v I . 4



an indirect effect due to the reduced growth rate of this
treatment when éom§axed to intact plants and has been discussed
t
by Murfet (1973b), Reid and Murfet (1974a) and in chapter 5.
Both vernalisation and continucus light lower the
penetrance of L6la to zero (table 6.2, experiments 1 and 2).
Both treatments have previously been shown to increase the ratio
of prowmotor to inhibitor (chapters 3 and 4 respectively) and this
illustrates that treatments which cause a direct alteraticn of
this ratio will rcause large alterations in the penctvance of

‘fcant (at the

5

Lela. PBoth treatments also resulted in a signif
0,001 level) promoticn of the {lowering node within the early
class which would alsc be expectéd to occur if the ratio of
promotor to inhibitor was raised. Vernalisation of
decotyledenised plants (experiment 1) resulted in a 6.8 node
(significant at the 0.001 level) reduction of the floweriné
node supporting the evidence presented in chaptex 4 which
showed that vernalisaticn has an effect in the shoot (apex cr
embryonic leaves) as well as in the cotyledons. NO penetrance
value for these plants is indicated in table 6.2 since the
flowering nodes vary from 15 to 19 and consequently fall into
both the EI and I regions. Howévor, it is suggested the plants
may ke considered as very early flowering representatives of
the penetrant class since flowering in the impenetrant recion
(nodes 10 to 17) is strongly influenced by processes occurring
in the cotyledons (e.g. the effect of vernalisation on the stocks
in chapter 4) which cannot be occurring in .this case.

These results illustrate that the penetrance is easily
altered by environmental factors which affect the balance of the

flowering hormones and this is

n

i

an essential requirement in any

bicagsay for substances which directly affect flowering in peas.
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Effect of nutrient types and seed weight.

Neither alteration of the nutrient type (combined with
an altered frequency of application) nor the initial seed weight
signiﬁicantly altered the penetrance (table 6.2, experiments
12 and 11). However, the altered nutxient did lower the
flowering node by 1 node in the early region (significanu at the
0.01 level). Although seed weilght has no significant effcct the
plants from heavy seeds flowered later in both the early anﬁ late
regions. The rate of leaf exp&nﬁioh was also faster (significant
at the 0.001 level) in plants from heavy seedse These results
illustrate that although the rate of wvegetative growth and
even the flowering node in the early region can be significantly
altered by the nutrient availeble to the plant the penetrance is
not significantly altered. This is important in a biocassay
system which is to be used to try and isolate substamces which
mimic the flowering hormon@é gince 1t may allow the exclusion
cf substances which exert an effect Qh flowering through an
alteration in the rate of vegetative growth.

Effect of various chemicals.

The only chemical to significantly alter the
penetrance of Léela was Ethrel (at ithe 0.001 level in experiment
2 and the 0.01 level in experinent 3). It also delayed the
tlowering node in both the early and late regions in experiment 2
(Siqnificant at the 0,001 level in the late region but not
gsignificant in the eariy region)} (table 6.2). This would
suggest Bthrel can cause a signifi¢ant;alteration in either the
balance of the flowering hormones or in the sensitivity of the
plant to a partiauiar balance. The effect of Ethrel on the
flowering of other lines of peas and under different environmental

conditions has been examined in chapter 7. BEthrel significantly
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(at the 0.001 level) reduced the internode length even in low
doses but did not significantly alter the rate of leaf
expansion, ﬁuggeaﬁing it does not act by altering the rate of
growth of the plaats.

Several chemicals had no significant effect on the
penetrance or the flowering node in eithex the early or late
regions at the concentraticns used. These included the steroids
androgsterone, cholestercl, estradiol and progesterone , and
the reputed inhibitor of gibberellin synthesis, CCC. PFurther,
extracts from Massey and Greenfeagt plants did not significantly
altey either the penetyance or the flowering ncde in thé carly
or lete regicns. The fact that 0o responge was observeﬁ in the
above experiments could be due firstly to a true null raapoﬁ$e
to these treatments in peas, secondly to insufficient chemical
reaching a site where it can exert én effect dve to the
limitation of the application technigue or thirdly, *toc the
substance being metabolised by the plant so rapidly thaﬁ a
single dose is ineffective. It is woith noting that the rate of
leaf expansion and interncde 1engtﬁ were not affected by any of

hege chemicals and this may lend suppor®t to the second and
third alternatives.

ABA and kinetin siguificantly lowered the flowering
node in the early region (experiments 4, 5 and 6). Promotion by
ABA has also been observed in L60 whereﬁa 1 node promotion of

the flowering node {(significant at the 0.001 level) wa

6]

observed with a EG;uq treatment under 5D conditions. ARA also
reduces the length between nodes 1 and 6 and the rate of leaf
expansion (the effect of ABA on leaf expansion was not recorded
in the present experiments but has been recérded in several

other experviments). It is thevefore suggested that ABA affects
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the flowering response indirectly by reducing the vegetative
vigour of the plant resulting in flowering at a lower node even

though the time of initiation may not be varied. A simllax

explanation would also explain the promotion (significant at
the 0.01 level) of flowering in the late region by ABA which

was observed in experiment 5. Kinetin did not cause any

g

significant change in the length between nodes 1 and 6 or tue

Hh

number of expanded leaves end may have its effect due to some
interaction between the levels of the flowering hcorrones and
the level of cytokinins.

At the dose rates used in the present experiments
(table 6.2, ezxperiment 7) neither GA, nor AMO1618 (an inhibitor
of gibberellin synthesis) significantly altered the penetrance
of L6la or the flowering node in the early region. Hrwever, in
the late region Gﬁ3 significantly delayed the flowering node
{(at the 0.05 level) while AMO1618 significantly promoted it
{(at the 0.001 level). Coinciding with these differences were
increased internode lengths and rate of leaf expansion after
treatment with GA3 and decreased internode lengths and rate of
leaf expangion arter treatwment with AMOl618. These results do
not indicate a direct alteration of the promctor Lo inhibitowx
ratio or of the sensiuivity of the plant to a particular ratio

. Or AMO1618.

of the flowering hormones by GA

DISCUSSTON .
The most commonly used types of bioassay for substances
which affect flowering is to apply the substances to the

imbibing seeds (e.g. Highkin, 1956; Moore and Bonde, 1962;

Tomita 1964), the leaves (Bvans, 1966; Biswas et al. 1967), the

apex {Bvans, 1966) or the growing medium (Cleland, 1974;

Jacobs and Suthers, 1971). All of these systems are primarily
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designed to test for either an inhibition or promotion of the
flowering process although both may show up under some |
circumstances, Often it i1s not indicated whether the test
systen ig able to respond sasgily to alteraticns in the levels
of the flowering hormone (s). With extractionﬁ,entirely

different plants are sometimes usced as the bicassay

system Lo

those from which the extractions were made (e.g. Cleland, 1974,
Bonner & Bonney, 1948) and ccasequently the assumpition must be
made that the flowering hornones are similar in both species.

Although this has been shown to be the case in sone closely

Is

related species (Lang, 1960, it scems unlikely to be a general
rule. “he suggested bicassay system using L6la allows for

both promotion and inhibition and has been shown to be sensitive
to changes in the ratio of promotor to inhibitor brought ahout
Iy the changes in the photoperiod and temperature. TFurther,

when extracts from peas are made it allows the testing of these
substances on the same brganigm and therefore makes no
assumptions as to the between species variation in the control

of flowering. Indirect effects on the flowering process (e.g.

by altered vegetative growth) have been shown not to significantly
influence the penetrance of Léla whereas these effests would be
confounded with direct effects in other bicassay systems
(Cleland, 1974; Bvans, 1966; Murfet and Rarber, 1961; Sprent,
1967; Moore and Bond951962)b These indirect effects hOWeﬁer
need to be recorded ian full understanding of the flowering
process 1s to be obtained and, although confounded with direct
effects, show up in L6la as changes to the flowering node of the
early and, to a 1@3aér extent, the late classes. The use of Léla
as a hiocassay does , however, have sone disadvantages. Large

numbers of plants are reguired to obtain definite answers and



the environment needs to bé controlled accurately so that the
penetrance of centrol plantsg ig close to 0.5. Consistent small
increases {(insiconificant with the numker of plants used) in
penetrance are observed after the application of some cheuicals
and may result from the development of the cotyledons anf shoot
becoming slightly out of phase with each other when compared

to control plants. Long growth periods are also reguired
before all the answers are obtained even though the penetrance
could be determined relatively gquickly {within a mazimum of
three weeks). As with all bicassays some uncertainty about
negative results is alwayé left due to the limitation of the
application technigues and the anount of substance that should

be applied.

The simultanecus application of extracts
different flowering genotypes should allow effects attributable
to the normal substances in 2 plant to be eliminated since the
vast majority of compounds would be similar in both genotyues.
Most workers have compared the flowering of pliants treated
with extract with those of control plants only, and have
assumed the stimulus should be a promotor (Lincoln et ali., 1961;

Schwabe, 1969). Consequentliy inhibiting effects may well have

4

been overlocked. Sometimes (e.g. Cleland, 1974) extracts from

o

both flowering and non-flowering plants have bean c@mpared?
usvally with no differences being observed. This would not be
unexpected if both sets of plants were close to the threshold
‘for‘ﬁlowerinq since very little difference in the absolute
amounts of the flowering hormones might be present (e.g.

extracts from penetrant and impenstrant Léla plants when

approximately 16 nodes are presenc or from L63 plante induced
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The use of &iffer@nt flovering genotypes under environmental
~conditions whicﬁ cause the largest differences between them
should allow the maximum difference in the levels of the
flowering hormones to be examined. However, in the present
experiments no significant difference occurred between plants
treated with extracts from Mag&éy and Greenfeast plants. This
could be caused by the extraction procedure having destroved
the hormones or resulted In the ratic of inhibitor to
promotor being similar in both extracts for some reason (e.d.
degradative enzymes bheing released which could deactivate one of
other hormone) or for similar reasons to those given for
chemicals which had no effect.  The lisﬁ of possible
explanations is long but the general system may allow useful
analysis of the differences between the different f]@weripg
genotypesg in future.

The results indicate that of the chemicals analysed
by the L6la biocassay, Bthrel, gibbevellic acid and AMOl61& are the

three chemicals which warrant the most attention and further

L

work with theze chemicals is contained in chapters 7 and 8.
‘Ethr@l appears to have a direct, inhibitory influence on the
flowering process. Whether this occurs because BEthrel increases
the effective level of inhibitor, reduces the effective level

cf promotor or alters the ratio of iphibitor to promotor required
. for floweriﬁg is not indicatedi GAS delays flowering in the
late region and AMO1618 promotes it bul whether the altered

rate of vegetative growth is responsible is not known. It is
possihle that GAB is delaying the effect of age on the &n gene
and therefore to some extent mimics the action of the #r gén@,
Thig suggestion is supported by the fact that the flowering

node of impenetrant L6la plants ig not significantly altered.
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Table 6.2 The penetvaﬁce, mean node of fivs‘ initiated flower % S.E. for plants flowering in the
early {nodes 10-17); and late regicns {(nodes 18-34), *he length % 8.E. and number of
leaves expanded % S.E. for Léla (If e Sz hr) plants given the various environmental
and chemical treatments indicated. Control vlants were given an 8§ h photopericd on
the trucks, these conditions applyving to all other treatments apart from the variablie
indicated. Vernalisation (V] and continucus 1i D) ™ start of
germination while decotyledonisation (decot) was perfo a . The nodes
between which the length measurements were taken and & I the number of
leaves expanded was recorded varied from experiment to ehcevlrent, but provide usefnl
evidence as to the relative vigour of the.various treatments within a single experiment.

) T e 4 I Tatel
. , FPlowaring Nods
Experiment reatment Penetrance " g
Early Late Length Leaves expandsed
X + S.E. n  x * S.E. n = + S.E. X + S.E.
i EI parents .68 4,81 + .44 15 28.43 + .26 306 14,10 + .17
1 I parents .80 15.00 + .20 9 27.97 + L3S 33 13.33 + .36
1 intact, UV
1 intact, V 0 12.33 + .11 46 - 0 i4.45 + 17
B decot, UV 1.0¢0 - 0 24.19% =~ .22 43 5.31 + .15
i decot, V - 17.39 4+ .14 49 - 0 4.38 + .08
2 control .25 13.38 + .30 24 .13 + .81 8
2 53 1.00 - 0 6.50 + .33 16
2 LD 4] 11,67 + .1 30 - 0
2 v 0 11.77 + .11 30 - 0
2 decot 1.00 - 0 21.03 + .20 29
2 Ethrel .81 15.60 + .68 5 25.95 + .61 22
3 control .€0 14.25 + .58 12 25.33 + .23 18 8.42 + .14 13.87 + .16
3 Ethrel .01 mg 70 14. + .37 il 25.85 + .32 19 7.38 + .14 13.80 + .13
e - =
3 Ethrel .1 mg .83 15.17 + .4¢ 6 26.33 + .24 24 6.50 + .13 13.80 + .15 N
3 Ethrel .48 mg 90 15.33 + .33 3 27.04 + .31 26 5.97 + .13 4.03 + .
4 ‘control .56 14,50 + .14 14 29,11 + .36 i 4.30 + .09
4 AB2 10 ug .48 12.57 + .45 i4 28.85 + .81 13 3.95 + .12
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Estradiol 1 mg
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CHAPTER 7

ETHYLENE

Effects of Ethrel and Indcie ~3~ Acetic Acid on the Flowering
of LB8 (1f o sn hr) .

ITETRODUCTION
in the previous chapter the ethylene releasing compound

Ethrel was shown to be able to significantly increase the

L,

pentrance of L6la. The first indication that ethylene may be

akle to affect flowering came when L58 plants that had been

germinated on wet cotton wool in a Petri dish {lowered at a

later node than those germinated in the usual manner 3om deep

in a vermiculite-gravel mixture (chapter 3). During germination

a smell of organic gases buillt up’within the Petri dish and

the radicles of the secdlings tended to thicken and curl, appearing
similar to the ethyiaﬁOWtrLchd plants described by Liebherman

and Kunishi (1972). It was decided therefore to examine the effect

of the ethvlene~relecasing compound Etbrel {Cooke and Randall, 1968

Werner and Leopcld, 1969), on the flowering of L538. Since high

concentrations of auxin have been reported to increase ethylene

production (Zimmerman and Wilcoxon, 193%; Morgan and Hall, 1962:

Burg and Burg, 1966a) the effect of different concentrations of

indole~3~acoetic acid (IAA) was also studied. Previous workers

have reported that exogenously supplied auxins either delay

(Leopold and Gueransey, 1953) or have no effect on (Haupt, 1952)

the flcwering node of ﬁdyiy pea varieties.

MATERIALS AND METHODS

L8 was used throughout this work.' The data in fig. 7.1
and the left half of table 7.1 come from experiment 1, in which 10
treatments were used with 18 plants per treatment. The dry seeds

of the controls wore treated on the testa with lOful of ethanol
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and planteﬁ 3cm deep in pots, the shoots emerging about day 7.
The effect of IAA was examined by applying as a single dose 1 ng
of IAA in lO/ul of ethanol to the testa of ithe dry seed. After
the ethanol had evaporated the seeds were set to germinate 3cw
deep in the vermiculitewdolerife mixture in the same manney as
the controls. The Petri dish effect was checked by germinating
the seed on wet cotton wool in both open and closed Petri dishes.
Finally, a range of Ethrel concentrations was tested by germinating
the seed in open Petri dishes on cotton wool goaked in an agueous
goiution containing 1,2,5,10,20 or 40 p.p.m. of Fthrel, which

is a solution of 480§ 2-chloroethylphosphonic acid per litre

cf formulation. Seedlings were transferred Lrom the Petyi dishes
to the pots on days 3 and 4 in such a way that the cotyledons
remaincd exposed. Continuous 1i§ht was given by extending the
natural summer photoperiod to 24h using light from a mixed

fluorescent-~incandescent source.with an intensity of 2200 lux.

sxperiment 2 {(vight half of table 7.1) examined the
effect of lower concentrations of TAA (5, 50 and 500 29 per
seed) . The method and conditions were the same as in experiment 1

except that the supplenmentary lighting was of a lower intensity

{900 lux).

In both experiments the tempervseture wag variable but

did not drop below 15%.

RESULTS AND DIESCUSSION

The results in table 7.1 illustrate that germination.
in closed or open Petri dishes delayvs flowering by 1.1 and 0.8
nodeg respectively when compared with the control plants

germinated 3om below the surface of a vermiculite-gravel mixture.
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The delays are significant at the 0.01 and €.05 levels respectively,
From fig. 7.1 it is clear that even the lowest concentration of
Bthrel (1 p,p,m,).has Significantlyé(OQGCl level) delayed flowaring
over and above any Petri dish effect. The delay levels off at a
concentration of 10 p.p.m., the maximum delay being 3.7 nodes,
This effect is repestable, delays of between 3.4 and 4.3 nodes
having been recorded in three furthéx experiments with Bthrel

sing higher concentrations, and either the present or different
application techniques. Ethrel also induced concomitant effects
on stem thickness, internode length etc., characteristic of ethylenc
treatment, and it seems reasonable to attribute the flowering delay
to ethylene produced from the breakdown of 2Z-chloroetnylpboasihonic

acid.

IAA had no significant effect on the flowering noée of L58
until the high dos2 of 1 mg per seed was used. This regulted in a
i,7mnod@ delay {significant at the 0,001 level), the plants
also having short thicl epicotyls and reduced hypocotyl extension.
Since high doses of auxin have been shown to increase ethylene
production, and the plants treated with IAA appeared gimilar
to those treated with low concentrations of Ethrel, it is possible
that IAA has a secondary effect on flowering in peas through
the gtimulation of inoreased cthylene production. Previously,
ethylene has been reported to influence floral initiation in only
a few sepcias; @e.g. the promotiog of flowering in pineapples
(Rodriguez, 1532; ILewcock, 1937; Cooper and Reese, 1941) and
its dinhibition in Xanthium pennsylvanicum {Abeles, 1967). In
both species auxin has a similar effect to that of ethylene (Bonner
and Thurlow, 194%; Burg and Burg, 1%66b). The contrasting
response to cthylene in different species once again shows that

generalisations cannot be made azbout the effect of various plant
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growth regulatovs on whole plants, even though similar biochemical

roles may be involved.

The results do not show the relationship between the
delaying effect of ethylene and the endogenous control of
flowering in peag. However, certain parallelisms can be seen
between the regponse to Ethrel and the action of the gene 8n,
which controls tne production of a graft-transmissible flowver
inhibitor (Paton and Barbey, 1255: Murfet and R@id, 19733 .

L58 scions grafted onto stocks (with cotyledons) of genotype

If e 8n hr are delayved to approximately the same node as LOSB
plante treated on the cotyledons with thoge concentrations of
pthrel giving the largest delay. The §n gene also reduces
interncede length, delays the transition from two to more than

two leaflets per leaf (Barber 1959) and opposes reproductive
development after floral initiation has occurred (Murfet, 1971laj).
In the present experiment, 40 p.p.m. of Ethrel reduced the

lenath between nodes 1 and 6 by 43% (Significant at the 0.001
level). Continued application of Ethrel resulted in the first pod
being set an average of 2.6 nodeg after initiation Had occurred.
In the contrcls this difference waeg 0.1 of a node {(the difference
between these two yesults is significant at the 0.001ll=2vel). The
activity of the gene sa appears to be regulated by thé length

of the photoperiod, iittle, if any activity being observed in
continuvous light. The production of ethvlene in peas has been
shown to be influenced by light (Gaeazhl et al., 1967) and there
have been instances in which the interruption of the long dark
period in short-day plants by a flash of red light has led to a
decrease in athyfene'producticn (Galston and Davies, 1970).

These yesults combined with the effects of Bthrel on the

penetrance of L6la (chapter 6) suggest the need for furthewn
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investigation of the relationship between ethylene and the gene Sn.
Thigs has been attempted in the following section by using other
genotypes and techniques which allow the endogenous levels of

ethylene Lo be exawmined.
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Effect of Fthrel cn Several Lines of Peas and the Rela tiorship
Between Endogencus EtJvLene the sn Gene and Flowaering,
) . p ta - : .

INTRODUCTION

In order to obtain an insight into the interaction of
ethylene with some of the genes which contyol the bﬁange from
vegetative to vweproductive growth the effect of Ethrel on the
lines 583, 59, 64, 60, 53, 5ly, 68, 63 and 7 was oxamined using
several sets of environmental conditions. The genotypes of these
lines vary considerably at the 4 major loci, 1f,e,sn and hr,
which control flowering (Murfet, 1971a, 1971b, 19733{ 1939) ( see
table 2.1 for details). However, it ghou}6 be noté& that con-
sidexabie variation exists between these lines at other major
as well as minor loci and consegquently caution mist be used
when interpreting differing responses a2z due to the differences

Pt s

at the four loci specified. The use of two lines (L58 and LG8)

of the genctype if & sn hr allows some insight into the import-

ance of this problem.

Since EBthrel has been shown to mimic several actions
of the gene sn the endogenous levels of ethylene in two closely
related lines (L52 and L58) which differ at the sn locus
(Murfet, 197la) were studied under an 8h photoperiod to det-
ermine if the sn gene had any direct observable effect on the
quantity of ethylene given off by the plants. It was hoped
this evidence would clarify the relationship between ethylene and

the gene $Sn.
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MRT&R&ALS AND METHODS

The three lines, 58, 53 (1f e $n hr) aand 63 (If e $n Hr),
used in experiment 1 (table 7.2) were exposed to continuous light
from the start of germination by placing 4 zeeds in a Petri dish
on welt cotton wool which was soaked with 35l of either water ou
an agueous solution containing 2, 20 or 100 ppm of Ethrel. They
were transplanted to the surface of the growing medium on day 32
or 4, the radicles being 2-4cm long at this time. No plants of the
163, Zppm treatment survived to a gtage where flowering could be
scored on the mein shoot. The main reason for this faillure was
that the apex died prior to flowering, a characteristic prevalent

in ail L63 treatments in this experiment.

In experiment 2 {kdble 7.3) seeds of lines 58, 59,
64, 60, 53 and S5iy were treated on the dry testa with lO/ul of
ethanol ceontaining either no Ethrel orxr 24, 96 or 480 9 of
Ethrel. After the ethanol evaporated the seeds were planted
2cm beneath thoe surface of the growing medium under an 8h
rhotoperiod. If the shoots did not come through the surface
by about day 10 the plants were dug-up and the shoot exposed to

1

the light. This was necessary since the Ethrel caused ths

i

vlants to |}

becene ageotropic., Plants treated with Ethrel also
preduceﬂ a large number of laterals which were r@gulariy
removed. Plants given continuous treatment were treated with
480/ug éf itﬁrel at thé commencement of the experiment and then
watered with 100ml of an aqueous solution containing 100 ppm of

Bthrel once a week for 5 weeks, starting on day 15.

In experiment 3 (table 7.4) similar techniques were
used ag in experiment 2 ewcept that continuous light was used

instead of an 8h photoperiod,only one concentration of Ethrel
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was used {48G/uq) and only three lines,; L58, L59 and L68 were

tagted.

in experiment 4 & group of 24 L64 plants were treated
with 480fmg of Ethrel as described in experiment 2. The ilowering
node of thege plants wag recorded and 5 of their progeny (less
if a plant had a smallier vield) were treated in the same way and
then the regreszion of mean progeny flowering node against
parental flOWQriﬁg node obtained. The results are contained

in fig. 7.2.

In experiment‘S {(table 7.5) L7 plants were grown
under an 2h photopericd and eitheyr decotyvledonised after 16h
imbibition and grown on White's nutrient agar until lecaf 4 was
expanded and then transferred to cans, decotyledonised on day 5,
leftAintact, or treated on the dry testa with 480 P of Ethrel

and treated as in experiment 2.

In experiment 6, L63 plants were grown under an 8h
photoperiod until 6 weeks o0ld (approximately 25 leaves expanded).
The plants were then exposed to I LD cvele (32h of light) and
Lreated with cither loful of ethanol on the fourth expanded leaf
back from the apex 8h after the start of the LD cycle (4pm) or
in the samc way with the lQ/ul of ethanol containing QSOfW"Of Ethre.
at épm(cn ei%h@r the first or second dayvs before the LD cycle,
the day of the LD cvcle or the first, second or third days
after the LD cycle. A furthex group received 480 /ug of Ethrel
on each of these 6 days at 4pm. The plants were transferred to
a long photoperiod after approximately 40 leaves had expand@ﬁo

The results are contained in table 7.6.
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In @xpsﬁ;ment 7, ethvlene produchion was measured in
58 (1f e sn hr) and L53 (1f e Sn bhr) plants grown undex anVSh
photop&xiﬁ& (D). Alzo the px@ducaxcn of ethylene by L53 was
compared under continucus light {Lé} and an 8h photoperiod.
Groups of 4 seeds were germinated in pure vermiculite and then
LzaNVFnrrcd at the time the shoots came‘?hxouqh the surfa

") 1.

{(approximately day 7) teo 300ml wide-necked reagent bhottles con-
taining v@rmiculite,’ The bottles werce then sealed with rubber
stoppers which were fitted with glasgs tubing over which sealed
surgical rubb@ﬁ tubing was placed. A 1 m) sanple of gas could
“hen be taken from the bottles after a certain period by pushing
the needle of a syringe through the rubber tubing into the bottle,
Bach botuvle was sampled twice, the eth vi@n@ content of the gas
being measured with a Pye series 104 gas chromatograph. The
column was packed with Porapack Q and heated to 50°C with a
flow rate of 40 ml/min. Three separate runs were made, the
results being contained iﬂ table 7.7. In the first run the
trzatments LSSSS,‘LS3LD and. 2 bottles of LS53SD were tested
after 120h incubation. A flask containing 100ml of a 100 ppm
gsolution of Etﬁrgl in 0.001 N ROH was included to show the
retention time of ethylene under the conditions used, Warnoer
and Lecupold (1969) have previously snown Fihrel is neaviy
completely degraded in dilute alkall to release ethylene
and phosphate and chloride iOnsf in the second run 2 bottles
of both L58SD and L53SD were examined whilst in the third run 2
bottles containing only vormtouléte and 1 bottle each of L58S

and L53SD were cxzamined., Samples of gas were taken after 72h

incubation in the second and third runs. Alsc flasks containing
2 and 10 ppm of Ithrel in 100ml of 0.001 N XKOH were tested to
allow scme spproximation of the actual guantities of ethylene

produced by the plants. This was based on the an,umgtuon that
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Ethrel is completely broken down to release 1 molecule of
athylene per molecuie of Ethrel as suggested by Warner and Leopold
{(1969). 1In eucn run the weight of the 4 dry seads used in each
bottle was similar. To compare the relative amounts of ethylene
produced by the different treatments withiii a particular run the
height of the paak was oconsidered to be sufficient. However, the
areas under the peaks were determined in the third run te allow

some estimate of the guantity of ethylene given off by the

2

plants. For comparisons it was felt that height was a more
accurate measurenent dus Lo the poor integration techniques

available.

RESULTS

The results in tables 7.2, 7.3, 7.4 and 7.5 show that
Ethrel is capable of increasing the flowering node of lines
53, 5%, 64, 60, 52, 5ly and 7 under an 8h phetopériod and of lines
58, 53, 63, 68 and 59 under continuvous light (all delays sig-
nificant at the 0.001 level when QSO/Qg of Bthrel was used.)
However, although Ethrel is general in its effect,the size of
the delay varies considerably from one line to another even

-

within cone experiment. TFor ezample the two closely related lines,
L58 (if e zn khr) acd L59 (1Ff E sp hx} in tabhle 7.3 diffev
significantly in the extent they are delayed by diffeﬁing
concentrations of Ethrel {(at the $.001 level using the inter-
action t@rm~frcm an analysié of variance on the L58 and L59

data in table 7.3). Yor example a delay of 5.19 nodes

occurs in L58 and of only 2.63 nodes in L5359 when 480/ug of Ethrel
was used. This difference in response does not appear to be

due to any promotory effecl of the gene B in L59 since from

table 7.4 the size of the delay in L59 is seen to be

intermediate in size to the delays in L68 and L58
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although both L58 and L68 are reported Lo possess the same
genotype (1Ff e sr» hr) at the major locil contrelling flowering

(Murfet, 197ls, 1973a). As well as having varying effects on the

194

gsize of the flowerinog delay it ig interesting to note that a
particular concenuration of Ethrel also had differing effects
on the vegetative growth of the different lines. This is

illustrated by the fact that the length between nodes 1 and €

was consistently reduced by the greatest percentage in Lb8

S8

{tableg 7.3 snd 7.4). However, this neagurement does not

apoear to tell the whole story, plants of 58 and L53 being

very “sick"™ in appearance when tseated with QSOxmg of Ethrel

e

even after 4 to % weeks growth, while L51ly and LGS appear

-

almost unaffected by this tresument at this time. Lines 60, 59
and 64 are somewhat intermediate in their response between
these two groups. Whether this differing vegetative response
to Bthrel is responsible for the differing flowering responses

(e.qg. between L58 and L68) is being examined,

When exposed to continuous light from the start of
germination, untreated L53 and L63 plants flowered later than the
untreated L5358 plants (significant at the 0.05 level) {tabie 7@2}&§ﬁiﬁ
difference could either be due to reasons cutlinoed pxeviously
{(page 392 ) or to a higher sensitivity of lines 53 and 63 to the
sthylene which appears to be produced within the untreated Petri
dishes. An analysis of variance on the flowering nbdes/for n58
and L53 plants (L63 was not included due to the fallure of the
L63, 2 ppm treatment) showed that the interaction between Ethrel
treatment and genotype was significant at ﬁhe 0.05 level. This
would seem to come about due to a larger response by 53 to the
lowest concentration of Bthrel (2 ppm) and would support the

suggestion that L53 may be more sensitive to ethylene than 158
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{at least with regard to the flowering node). The nodes to which
lines 53, 58 and 63 are delayed by the highest concentration of

Ethrel used (100 ppm) were not significantly different.

Apart from the untreated plants, the means for L64
plants inkexperimenﬁ 2 (table 7.3) have large standard deviations,
the flcwéring nodes varving from 10 to 16 with only cne plant out
of 43 flowering from neode l4. This variation was exanined to
see whether it wasg heritable by treating a group of 64 plantgs
with 480;&g of BEthrel under an 8h‘photcpariad, scoriung the

flowering nodes and then growing the progeny under similar condit-

h

iornig. A regression of the mean floweriong node of the offspring
on the parental flowering node gave a significant slope {at the
0.05 level) dndicating a small heritable component {(fig. 7.2).

Howeveyr, the large variation continued to occur even within’tbe

proveny from one plant. It is suggested that a form of impene-

trance is occurring in which Bthrel either lowers the ratio

o

of promotor to inlhitbitor reaching the apex to a level close
te the threshceld for flowering cr lowers the threshold itselfl.
Plants will then either flower in the early region (nodes 10-~13)
when the cotyledons are the major source of the flowering hormones
or not until the ratio coming from the shoot becomes promotory
(nodes 15-18). This occurs because the cotyledons of L64 unde

an 8h photoperimd produce a more promotory balance of the
flowering hormones than does the young shoot (Reid and Murfet,
1975a). A very small proportion|of untreated plants of thig
genotype have also bszen reported to flower above node 15 (Murfet,
1973a) presumably for the same reason as giVen above. Although
the range of the possible flowering nodes is smaller this sit-
uvation is analeogous to that observed in intact L6la plants under

an 8h photoperiod {gsee chapter 7). It might be suspected that
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the flowering node of L60 (If £ sn hr) would also become bimodal
upon treatment with Ethrel undexr an 8h phatoperiod, but this was
not obhsevved. Presumably either the halance of the flowering
hormones is further from the threshold in this line than in 5L64

or it is lesg sensitive to applied Fthrel.

The data in table 7.5 indicate that the flowering nods
of 17 (1f® B &n hr) is not determined (at least in all plants)
Lefore germination since treatment with 480}&@ cf Bthrel and
decotyledonisation alfter 13h inhibition were roth able to
significantly delay the flowering node (at the 0.001 level}.

The number of nodes laid down in the apexw after 24 hours
inhibition was 6»11f. 11 {from é sample of 9 plants) indicating
that an alteration in the flowering node is possibie until very
close to the time of initiation. D=cotyledonisation on day 5
resulted in no significant alteratlon of the flowering node
presumably because the plants had already initiated. Plants
disgected on the 5th day possessed 8;l3i .13 nodes (Jq “ple of

8 plants). It should however be noted that in no case could thz
typical "bulge” of a flower primoxdium be seen‘in the leaf awil
during these digsections suggesting axillary bud development is
lagging substantially behind the develcpment of leaf primordia in
this particular line., This would seem different to‘rhe ED amd‘L
lines dissectead where the flower bud at a particular node is
normally obkservable by the time the leaf primordium is initiated.
It raises the possibility that the nature of the axillary bud
(either vegetative or floral) may not be determined until after
the leaf primordiun has been initiated in L7 although on the

present evidence the determination would be wade before day 5.

Treatment of L63 (1f e Sn iHr) with 480}mg of Ethrel
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does not appear to be able to reduce the ability of LLD cycle

to induce flowering (table 7.6). This could bhe due to the method

£

of applicatiocn, the RBthrel not reaching a site where it can exert
an effect. However, in the plants treated with BEthrel for the
six days surrounding the 1 LD cycle typical symptomg of ethylene
treatment were obgerved and premature senescence was inducad

in 9 plants, death occurring before a wisible flower bud had
been Fformed. Even in the plants surviving this treatment the
ability t@ vespond to 1 LD does not appear to have bheen altered.

This would sucgesbt that the Ethrel was penetrating the plant

at least to a site where it could cause a physiclogical response,
but that iv is unable to directly affect the sensitivity of L63
plants to a LD cyele. The premature senescence observed was

restricted to aveas of the shoot close to the site of application,

including the apex. Whether this senescence was in any way sime-
ilar to naturally induced senescence which normally follows the

production of seede is unknown but the leaves affected did becone
chlorotic prior to their death. Thi$ acticrn of a massive

dose of Ethrel is opposite to the effect of the sn gene which

has been reported to delay senescence by delayiug the flowering
node and by increasing the amcunt of pest reproductive development

in 8D conditions (Murfet, 1973a).

There sprears fo be no consistent difference in the ability of 1.58
and L53 plants under SD to produce ethylene although some
differences did occur in the three runs performed (table 7.7).
The production of ethyiene alsc does not appear to be affected

by photoperiod in L53 although only a single bottle containing
four plants was examined under continuous light., It is clearly
shown in the third vrun that the ethylene produced in the flasks

is produced predominantly by the plants and not released from



181.

the growing medium. The approximate lavel of ethylene in the
flasks containing plants for the thicd run was 5.3 ppm of
ethylene or 21 nl/g of sceds/h {avervage for LH8 and L53 results)

and was 0.0ppn in the flaske without plants.

DISCUSSTON

Although Ethrel is capable of significantly delaving
the flowering node and reducing the length between nodes 1 and €
in all genotypes examined under botin long and short photopaeriods,
it dig clear that different genotypes respond to differing degrees
to the =2pplication of Bthyrel. The difference in the flowering
regponse does not ap@ear to be assoclated with the genes r and Hr
but there is some evidence to suggest Sn may be respensible to
a small extent since L53 plants respond to a larger extent than
L58 plants when treated with small doses of Bthrel. Whethex

with £ and Br alter the responses is not

i
in
o

the interactions of
clear. The bhalance of the flowering hormones existing in the
plant during the early growth does nct appear implicated in the
differential response since L58 plants are delayed to a later
noda than are L6C plants even though LE0 cotyledons and shoots
have bzen shown Lo produce a more inhibitory balance ci the
flowering hormones than LS57 (Murfet,i97lc; Wall et al., 1974).
It appears other as yvel urdetermined genetic systems are
responsible for the largest part of thece diﬁferent’regpon es
as illustrated by the degree of difference between L68 and L58.
How these systems operate is unkown but it could be through a

]

differing abilit:

-

;Lo destroy or inactivate ethyvlene, different
levels of other horm@nes or through a]fOIOd levels of endogenous

ethylene.

Little work appears to have been reported on species

%

W S O e Ty eeya s ot s g de : e 4 3 s . . P i e
wnich ghow such genetic diversi ity in their response to applied
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growth regulators and hormnones, This probably occurs since most
physiologists bave restricted their stud:ies to a specific
cultivar and assume their studies on this cultivar are rep-
resentative of the speciaes as a wholé; Scme notable exceptions
do occur, for example the effect of GA4 on flowering in different
cultivars of pess (Dalton and Murfet, 1975) and on internode
length in varieties of peasg and maize (Brizn and Hemming 1955
Phinnay 1956}, The work of Tal and Imber (1970, 1971} and

Imber et al. (1970} on wilty tomato mutants show that the

level of various hormones ave under direct genetic control and
may vary over a wide range in different genotypes. In all these
examples a clear morpholicgical difrerence has been observable
prior to hormone application, tﬁe hormone application usually
maﬁkinq this effect or at least producing a consistent effect
within each morphological group. However in the present

example there does not appear to be any direct relationship
between the size of the response to ethylene and the morphological
classification of the line. In this regpect it is similar to
the different responses shown in peroxidase ac?ivity by the pea
cultivars Masgey and CGreenfeast after application of Iaa (Mills,
unpub.). The occurrence of different responses within one
species illustrates how invalid it may be to extrapolate from
one species to another as is so often done in the literature.

It also highlights the need for multi~disciplinary studies of
the control of d@vmlogment in plants, in this case a joiht
genetical, whole plant physiclogical and biochemical study

being reguired.

The relationship of the $n gene to endogenous

ethylene levels is still far from being fully clarvified.

However, it would appear that the gene $n does not directly
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control the amount of ethylence given off by pea plants, at

least within tho accuracy of the analytical methods vzed in the
present study. A similar statement can alsc be made about
phétmp@riod length. The fact that even high, repeated doses

of Ethrel could not alter the sensitivity of 1L63 plants to 1 LD
cycle would cupport these conciusions. The fact that continubus
application of Ethrel to both lines 58 and 64 (table 7.3) did not
increase the size of the delav over that produced by a single
dose might suggest ethylene needs be present at the start of
séﬁ@ sequence of events in order to be effective. The later
doses of Bthrel could be obsarved to saifect vegetative growth
ard would cextainly have been given (at least in some cases)

»

prior to the time of flower initiation.

The relationship of the other majior flowering genes
to the endogenous levels of ethylene have not been examined.
However, the results of experiments using Dthrel treatment
would suggest that Hr and E do not operate thrcuch ethylena
metabolism since BEthrel ig effective in delaying flowering in
both Sn and sn plants while Hr and F are only effective (at
least to a large extent) in Sn plants. The fourth major
flowering locus, 17, appcars tc control the sensitivity of the
apex to the ratio of inhibitor to promotor reaching the apex
(Murfet, 197lc, 1975 ). The interaction of alleles at this
locus with ethylene has not been examin@d»and appears to be
reguired.

It would se@m‘gﬁrang@ if the most potent flower in-
hibitory compound yet found for early cultivars of peas does
not possess some endogenous role in the control of the flowering

processes, especially when it has been shown to be produced by
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them in fairly high guantities. However,

is not revealed by this study,

"Posslily ethylene

peaen excluded. L oonly

cystem of contrclling hormones, the effect
analysing for any ons always leading along

beyond which further insight intc

dead end

be made without simultanecus measuremente

.

within the plant.

164.

this endogennus role

although several alternatives have

a part of a genexal
of observing or

a hopeful path to a
bex™ cannot

the "bhlack

of many other compcunds
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Table 7.1 The mean node of first initiated flower in T.58

(1f e sn hr) plants germinated either in vermiculite

(controls), on cotton wool in open or closed Petri
dishes, or in vermiculite and treated with TAA,

LA

Yhe plants were exposed to continuous light.

Experiment 1 ’ Experiment 2
Treatment x + 8.8 n Treatment x % S.E. n

Controls 9.72 * 0.11 18 Controls 10.00 £ 0.10 14

Open Yetri
dish 10,50 ¢

4
<
.

3

~3
e
<O

.

—

o

~

16 ' 5 ug TAM 9,93 15

Ciocsed Petri
dish 10.83

xS
o
w
B
i
<
.
ot
pomt

18 50, ug LAA 9.79 14

X8

1 mg TAS 11.40 £ 0.40 10 SOOXug IAA 10.42 £ 0.25 14
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Table 7.

N

The mean node of first initiated flower +S.H. for
lines 58 (if ¢ sn hr), 53 (1f ¢ $n hr) and 63

{1f e Sn Hr) orown under continuvous light from the
start of germination. The seeds were germinated in
Petri dishes on cotton wool gecaked in weater (C)

or agueous solutions of 2, 20 ox 100 ppm of Ethrel.

L58 L53 L62

S.E. el

2
N
-
=
M1
i
w
»
jes]
;
-
o
-
23

Treatiuent x £ 5.F

C 11.53 & .41 15 12.9%4 %

IS
®
LA
oo
[
ks
-t
N
g
K
4
»
s
~4
oo

2 ppm 12,08 2

T
.
w
e
St
)

14,12 £ .33 17 -~ - 0

20 ppm 14.33 = .36 15 14.61

%
.

ot
@

18 14.50

1
W
M
sy

.

100 pom 14,92 £ .15 12 15,06 £ .17 18 15.50
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”r

‘able 7.4 The mean node of firgt inltiated flower (PIi+8.E.
gnd the length between nodes 1 and 6 (L1-6)+5.5.
for lines 58 (1f e sn hr), B9 (if F sn hf) and
63 (14 e sn kr} treated with either © or 480 e
Ethrel. The percent decrease in the internode
length caused by kibrel treatment is alsc indicated.

The plants received continuveous light from the tine

the plumules broke the surface of the growing medium.

{

s

Cha

-
e

Treatment LS8 L59 168
.

Hi
-

T

$.E. v ®x % 5.,

L

¥l

L1-6

Li~0

Parcent
dacrease

0 10.29 = .11 17 9.11 £ .08 18 9.8%

I
-

<o
fed)

s
w
-3
0
—
1t
w
[8:4]
1

480 ug ' 13.25 15 12 11.56 ¢ .18
0 9.82 + .25 18  11.77 £ .30 17 7.99 + .23

QSO;ug 4,05 % .16 4 5.06 = .27 10 4,58 4 .10

L6 59 52 © 43




Table 7.5 moan node

Sn hAr) either

plants (1rf° &

initiated flower

intact

51
s
2

g

189,

the photoporicd was

1

n

6,435 1

B

7,365 .

17 14




Table 7.6

120,

+

The percentage of L63 (¢F e &n i#r) plants induced

ot
s

to flower by 1 long day (LD} cycle (3Z2h of ghit)

o
o

after treatmwent with either 1 jul ofF ethianol ()

or 10 mi o of ethanol cortaining 480 po of Bthrel
i

;

on either the first or second days before the LD

cycle, the day of the LD cycle or the firgt, second

or third days after the LD cyoles (treatments «1,

-2, 0, 1, 2 and 3 respectively). A further group’

recelved 480 ug of Ethral on csch of these € days

The photopeiriod was Bh.

T
a4

Percent
flowering

o
s

jes)
fra
b
<&
<
kel
[
e¢]
[ve]
o
(]
ad
g
<
)
o

Y
i

.



The taeble contains

peak recorded for lml sampl

15

1.

athylene

examined using

gas chromatography. The alr samples came from sealed

ke containing no plants
2 Sn hr) or solutions
an 8h photoperibd
Three

Y

each figure in the

of two air samples

cgeparate

{(sDh) and continuoumn

Tungs waeye

tehle being the

£

for one flask.

Treatment Run 1 Run 2 Run 3
Adr - - A

L5%,9D

]’153 LD !{. r () o
Ethrel (2 ppm) - -
Etbrel (10 ppm) e -




Effect of Ethrel on the mean node of first initiated
flower of L58 (if e en hr) plants germinated in cpen
Petiri dishes on cotton wool. Vertical barg indicate
twice the gtandard ercvcors; »n = 18. The nlants were

exposed to continuous light.
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e

2 Redgression of the mean flowering node of progeny of
LG4 vlants (if e srp Rrj piotted against the flowering
nede of the parent (v =0.50x+ 7.53). Both the parents

and

=
oo
[y

progeny were exposed to ai 1 photoperiod and were
treated with 480/mg of Ethrel on the cotyledons prior
to germination. The slope of the regression is signif-

icantly different from 0 (at the 0.05 level).
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CHAPTER 3

GIBBERELLIC ACID

THNTRODUCTION
Many attempts have been made to try and determine

I3

the physiological role of gibberellic acid ({(GA4) in the flowering
process of peas. It has been reported to produce anything frowm a
5 node delay (Dalton and Murfet, 1975) to a 9 node promoticn of the

flowering node (Wellensiek, 1973b), the size and direction of

R

-

-he regponse varyving with both the genotype and the environment.
Dalton and Murfet have shown that plants of the EI phenotype
appear o be promoted sligbtly after treatment with GA3 while

D and L phenotypes usually show a delay after such treatment

although in long photoperiods some L type lines are promoted

slightly., The zffect in L types was shown to be quite different

under LD and SO by thege workers, a delay of over 2.9 nodes being
observed in all threc L lines tested under SD while undex LD
anvthing from 1.1 node delay to a 0.6 node promotion was obgerved.
On the other hand,Barber et al. (1958) found the effect of GAy on

.

the late cultivars Telerhore and Greenfeast to be independent o
photopericd. This difference could heve been duz to the
different dose rates used but would not appear to be due to the

feast seems likely to possess the

ey
ot
—
-
0O
i)
o
.
i
I
T
D
b

v
i)
~

genotypes used

flowerin

e

7 genotype LFf e Sn hr - (Murfet, 1976), one of the geno-
! g YE ; g

types used by Dalton and Murfet.

Treatment with GA3 also affects the flowering time (Barber
et al, 19%8; Dalton and Murfel, 1875). This results from the
change in the flowering node, the abortion of the first flower

buds (Brian et al, 1958; Barber et al, 1958; Sprent, 1966h;

Wellensiek, 1873b) and an increase in the rate of node expansion
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6). ‘These aeffects

Prian et al, 1958: Zprent, 1966b;

may ecither cancel each other cut c¢r be aiditive depending on the

fot

effect of GA3 on the flowering node., ¥or examnple, Dalton and
Murfet found in LD that 5 mg of GA4 delayed the flowering
node by 1 node but denreased the flowering time by half a
day in LZ4. "YThis has led to some cenkroversy ovar whebther GA 4

.

has a direct affect

N

on flowering (Colling and Wilson, 19273a

even though Barber et ali. that GAB delayed

the fiowering node, time to open flower and time of initiation

in the BD type Massey. Vhen L6la plants werc treated with Gh,
under sSD conditions the penetrance was not significantly

altered zalthough the flowering node of the planteg in the late
region was significantly delaved (chapter 6). This result would
suggest that GAg is not directly altering the ratio of promotor to
inhibitor or the ratio of promotor to inhibitor regquired for

.
I

ng. However it is possible that GA3z may act by altering the

floweri

1

aging processes which results in the alteration of the vatio of

promotor to inhibitor at a flairly late stage in the life of

the plants.

The pregent work set out te examine the interaction

e

between the photoperiod length and GA4 in the genctypes
Lf ¢ Sn hr, 17 & 8Sn lr and 1f ¢ Sn hr. It was hoped to

-
o

‘ects were direct ones on the flowering

ascertai

by the measurenent of three dif parameters of
flowering, the flowering node, flowering time and time of
flower initiation. The age at which epplication was effective
was also examined in crder to show whether GAy could possibly
be acting by altering the aging processes. Further, the effect
of GA4 on the genotvpes I1f e sn hr and 1f e sn Hr was

examined since the gene fHr has been shown to affect the aging




process (Chapter %) and conseguently tiwe rcolationship between

Hr and GAg iz ol considervable interest.

MATERIALS AND METIODS

Determi nailmq the Time of Ini

+ in J24 (LE e Sn hr),

ol
-

s
[

The experiment consisted photoperiods, 8h light

(D) and continuous light (D), and 3 chemical treatments,

eitner 10 ml of cthanol placed on the sta before planting
and then 10 pl of ethavol placed on the tirvst expanded lesr
kack from the apex every 2 weeks Ffrom day 12 until day 55

(controls), 10 pl of ethanol containing 10 ug of Gy placed on

as in

g

the cotviedons and then L0 ul of ethanol each Fortnight
the previous treatment (GA3} or 10 d} of ethancl containing

10 pg o of Ga. en the cotyledons and on the first expanded leaf
back from the apex each fortnight from day 13 until day 55

(GAq cont.). Seventy two plants of each treatwment were planted
under 5D and 54 under LD. ITach week, uwotil day 34 for LD

and day 6Z Tor 8D plantsg G pTQnLQ of ecach treatment (somebimes
less due to the death of some plants) were dissected and the
total nuwber of nodes, the flowering node {(if present) and the
nunber of expanded leaves were recorded. A similar grovp of
plants were dissected on day 20 for the LD treatments and on

cach treatment

-
«:’3

day 1 for the controls. A group of 18 planits of
were allowed to mature from which data were obtained on internode
length, the flgwering node, the flowering time and the number

of leaves expanded at various times. The results from this

“

xperiment are contained in table 2.1 and figs. 8.1 and 8.2,

Determination of Age at
L24.

cotmant with GA, is Effective in

ALl plants wers grown in an 8h photoperiod and cither

treated with 10 sl of ethanol on the fLesta before plant

fm.
bl

O
jos]
{2
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on the first fully expanded leaf back from the apex of days 29

and 3% (controls!, treated in a similar manner as the controls
except the ethanol contained 10 pg of Ghaoon either day O (tﬂgbﬁ},
day 29 (GA4D29) or day 39 (GA3D395,br treated with ethanol
containing 10 Jeie) of GAy on the testa and every second week until
day 70 (@&3 cont.) . The number of leaves aexpended were recovded
on davs 29, 3% and 55, the results for the expeviment being

tabulaled in table 5.2.

Determination of Regsponse of Lines 53 and 63 to Gag,

-

The experinent wags of a Factorial nature and invoived
two lines, L53 (1Ff e Sa hr) and L83 (If ¢ Sn Hr), two photo-
‘pericds, 8h light and 24h Hiq*t and two chemical treatments,

2

either 10/&1 of ethanol appliesd to the dry testa befcre planting
and to the last fnlly expanded leaf on days 13 and 27 (controls)
or a similar trestment with the ethanol containing 10;m5 oF G

(Ghg) . Impenetrant plants were excluded from the analysis under

%

SD. The resulis are contained in table 8.3,
Rosponse of Genotypes 1F e sn hr and 1f e sn Hr Lo GA~q and
Gibberellin vatn@bma Inhibitors .,

The two Lines, LAG f1f e sn hr) and L64 (1f ¢ sn HEr)
vere exposed to either sn 8h photoperiod or continuous light

and either lefl intact or had their cotvledons removed on days

o

6 and 7. The plants poged to an 8h photoperiod were treated

either with 10 sl o

=h

ethanol on the testa befcore planting or
in a similor way with the ethanol containing either 10 ug of
GAg, 100 mg of AMO 1618, ox 1000 P9 of CCC. AMO 16186 and CCC

~

have both been reported to inhibkit the synthesis of gibberel

4

fma?

lins
in plants (Cathey, 1964). In continuous light only control
plants and Giz treated planis were grown. The resulis are

tabulated in table 8.4 and appendix 1.
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day 0. delay was 11 nodes

and 2.87 another (table

nificant at the 0.00L level).

Iight ted te a gemall 0.5%3 node

the interaction botween Gio

cenorted by Dalton and
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GAz increazed tl
(further delays of 2.31 and 3.83

in continuous light resulted in

compared to

The offect of these treat

varied from a promotion of 2.3 days

continuous light (signiflicant

days by a §

of 2.2

grnificant &t the 0.05 level).

not significantly alter

period since the increased rate of

flowering node.

fime at which the

Thea

almost identical in all threo

(fig. 8.1} but differed

where the plants treated with

after the untyreats

Gho initiated 6 days

This delay in the time
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in one expe

delay

Murfet (1875} .
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nodes being recorded;

an IIIC’"(‘.‘J‘ M o4

meaents on

similar treat
Continuous

the flowering time under eit
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substantially

=d plants wh
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by day 62),
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photoperiod show a substantial

ated with 10 Py of GAz on
8.1}

riment (table

§.2){hoth delays were sig-

under continuouns

atinent

LELcant at the 0,058

and photeopericd being simd
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but
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given a single dose

the floweriuy time

with a single application

at the 0.001 level) to a

ment ander an 8h photoperiod

application did
chey photo-

eaf expansion cancelled out

N . 1

flower bvd was iritiated

in continucus

under SO conditions

a single dose of GAx initiated

+

ile those gilven several

the untreated plants (fig.8.2).
in the
ed plants huu ohacrvable

while none of the
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trea

can directk
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flowering
delayed.

e ne
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by a

indicatoer

roprodact

abortions

growth rate),

of

for flowering must

this

the number

ment

the numborn

early at

o have 1
aitheough

node and

L24 plants exposed

in their respo

oldex
resulted
0

at the

initiation differed under

continuous

ted wit

Le application but this

initiati
ralas
for flowering is met.

ages

time

{table

L0011

ted plants had cbservable flower

o

number of

Friie -
Ve

leaves av the of

both photoperiods,

plants having approximatel

light and 5 to 7 less ii

h GAg These resuits would

Tv o oaffect the flowering process in the late line,

the tha

Sn hr), undeyr 8h photoperiod since both

node and the time of iniltiation are subaitantioally

The time of copen flower is alsa significantly delayed

-
b

charscter would sesm a DOOY

of the changeover firom the vegetative to the

state since it can ve affevted markedly by flower

Lve

and the growth rate {(including Lh@ post-initis

Since the number of leaves expanded at the

A

on svbetantially altered the loaf vequirements

wa s

be altered by the treatment with GAsz and

out the posgibility that GA, ope by dacreasing

of unexpanded leaves in the apex the leaf reguire-

i If anything treatment with GA4 reduces

or unexpanded leaves in the apex at during the

of growth. Under continucus ATpears

Pl vg

ittle direct effect on the flowerinu process in L24,
some small, but significant, alterations in the flowering

woere obhserved.

to conditions vavy substantially

snse to a single 10 ug dose of GAs as they become
8.2). VWhen the GAy was applied ab day 0 it

in a 3.83 node delay flowering node (signi ficant

level) while enly a 1.56 noce
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wificant at the 0.05 level) and at day 39 only a

0.5 node delay oificant)., The

of GA

with age cannot be due to initiation alrecady having occurrved

ag digsections on day 32 showed that only 23.54.5 nodes

were proegent., The later applications did reach a site where
they could exert an effect since they caused a 400% incrzase

in interncode length (table 8.2Y. It would thevelore appeas that
CAx can only he fully effective if it is present well before

the time of flower initiation,

In both L53 and L63 GAjy caused small (up to 1 noded but
significant {(at the 0.01 level) promotious of the flowerin
node in continuous light itablie 5.3)., The time of flower
initiation would alse have heen promoted (by between 2 apd 4 days)

if GAy is agssumed to alter the vegetative watF of L63 and L5332
2 s

plants in a similar way to the L21 plants shown in fig. 8.1 .

Under 8D conditions GAg significantly delayed the fliowering node
of L53 (at the 0.00L level) but was ineffective in L63 since the

plants do not flower until after transfer to long photoperiods.

‘Jz

Gazy delayed the change from two to more than two leallebs per
leaf in both LE3 and LS3 under both photoperiods. This result
wags gsomewhal unexpected since thoere is usually a strong positive
correlation betwesn the flowering node and the change to more
than two leaflets per leaf {(Barber, 1259},

¢

ayved the {lowering nodes of lines

et

GA3ICOn$iﬂtthly de!
68 and 64 regavdless of the length of the photcoperiod ox whethef
the cotyledons weyre removed or not. The delays varied from 0.1
Lo éﬁi nodes and were significant in all cases except for LE€8

plants undor an 8h photoperiocd (table 8.4). Treatment of the same

two lines with the supposed inbibitors of gibberellin wymihO“Ju,
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£

AMO 1618 and CCC, did not sicnificantly alter nh@\flOW@ring node
of either intact or decotyledonized placts under 8D (table 2.4).
The sigze of the delaye caused by GA varied considerably
between lines, LE4d being delayed to a larger extent than LG8,
especially under 8§D conditions. This difference probably
reflects the fact thal the hormonal balance in L64 is close to
the threcheld for flowering foy guite o long period whereas LG8
pilants pass the threshold for flowering rapidly and cteeply.
Conseguently a small shift in either the threghold or the
normenal balsance will ceusce o much larger responge in 164 than
in LE8. The closeness of L64 to the threshold for flowering

+

was cleariy shown in the decotyiedonised plants under 8D where
Limodal distyibutions of the flowering node were observed (sec
Appendix 1 for the digtribution of the Flowering nodes).

‘Only I plant out of €2 plants Flowered at node 11 the vest
flowering either at nodes 9 and 10 or at 12 to 19. No such
bimodality was observed in similarly treated L68 plants. The
only trectment which affectcd the distribution of L64 plants
into these two groups was GA4 which caused all pilants to flower
in the later group further Lllustrating the delaying action of
Ghg. The mean flowering nodes for the L64 plants in the later

]

group showed considerab caused

w.,«
St

variation but again only Ghq

a significant delay (at the 0,05 level) when compared to the
controls. ~Consequ@ntly the Sﬁat*wfl*al results obtained from
the total data are in aqicommn& with those from only the later

group and therefore no gpecial statistical tests were used to

overcome the bimodality of the data.

it is well established thalt GA, can produce a largs

and significant delay in the flowerivng node of late cultivars



ander SD conditions.  dhe present results indicats

does not occur wrimavily through an alteration of th

rate or the number of unexpanded leaves in the ap:

204
A

that, for a maxin effect, treatment with GA45 needs

At th

in the growth of the plant.

initiation would cccur any positive of Ghq

on

length had disappeared in the plants orn day

e
8

the threshoid ratio of the {lowecring ho

reguired at the apex for flcwering ox the level of p

or inhibit

node {and precumably the time of dinitiation) of

I varietl undoer the first

e

Since the panetrance of L6ia is nobt significantly al

GAy and GA4 treatments are not effective just priorx

it would appear GA, does not have an

effech level of promotor or inhibitor. It is

GA+4 reduces the rate of the aging response o0l Srp and

-

order to exert this effect it needs to be present du

devolopment of the plant {(leaves). Whether the redu

1

the leal area by GA3 (Dalton, unpub.) plays a part i

P

I

reasponse is not known but from the results of lea

o
.

experiments it would not appear that this could bhe o

importance.

.
iy

Ghg can mimic the effects of the length lo

o ol

on interndde Iength and the floweiring node (Murfet,

“

Dalton and Murfel, 19 This would rgeat a rela

between the length genes and gibberellin metabolism.

neads to be added is that the reason for the later £

of late flowering cryptodwarf genotypes (compared to

is able to promote the flow

arcernative would appear

n

e growth
Lo ocour

@ time

internod

0 and

ults would suggest that GAg must permancrtly

rmones

aring

tered by

o init-

immrediate

]

suQges e

re
o

e

ring the

1

[

ction of
the

emowval

£ prime

[

-

La and Cry

1971b;
tionship.
ALL that

lowering

late

.
Nm



flowering dwarf genotyoes) ig possibly doe to 2 reduction in the

)

cate of the aging processes ir vhe shoot which could result from
increased levels of gibbereiling. lowever, LMOL618 doen not
cause crypltodwarf plants to become phenccoples of dwarf plants

(Redid, gnpub) suggesting that increaged nroducticon of gibberellins

v

may not be responsgible for the increagsed interyncde length in
these plants. These resulits are not eagilyv reconcileable but
are similar to the results of MeComb and MoComb (1370). OGrian

aeoount

o)
5
S
o
in
=
L——?p
;,

(1957) and Murfet (1976) both discuss the

for these confusing resvite.

Tt doos not appear that the gene pr operates via the
gibberelling even though this ge ene has been shown to reduce
the effect of age on the gene Sn since applied GA 4 and the supp-

1

sed inhibitors of gibberelilin synthesis, AMO 1618 and COU did

o e

not appear to reduce the mhﬁnotgpﬂn‘difleﬁenoe between L63

(1f e sn hr) and L64 (17f e sn Hr). 'This difference is poorly
illustrated by the flowering node deta in table 8.4 but could

be cbhserved by comparing the flowering time and total number of
leaves expanded. Repeated treatment of LE3 plants with AMO 1618

under SO conditicons  also did not cause inditiation = migihit be
Cj

responsibie for the reduced:

suepected if the gibberelling ar
effect of age on the géne Sa by the gene Hr (Reid, unpub.).
Alsc a progeny segregating for the #r gene showed no pleictyropic
qction of the Hr gene on inteynode length (Murfet, unpub. ) .
However, these reasults do not coﬁpl@t@ly preclude the gibbere

ellins {(other than GA.) from being involved with the gene #r

;...
4

P

~—

since several gibberellins (e.q. Gﬁgf GA, allogibberic ¢
3 *

do not cause lavge alterations in the internode length of peas

while still affccting flowering (Murfel and Barber, 1961;

Dalton, uapub.) and it appears doubtful that either AMC 1618



2006,

oxr CCC completely ivhibits their synthesis. Dirvect measurements

ol

cf the gibberelling may be the only methoc of completely answering
the guestion.

When treated with‘GAE the flowering responses of ED and
ET lines under both LD and 8D and of THR and L lines under LD
are small and varied. ED lines showr a small delay in the
Llowering node while EI lises show 2 small promotion (Barbexr et al,

-
1

1858 Dalton and Murfec, 1975). OF the L znd LHR lines for which

dats are available, Greenifeast, Telephone and LZ4 (LF ¢ &a hr)
show a small delay while lines 2 (Lf ® Sn hr), 53 (if e Sa hr)
and 63 (1f e &Spn I'r) show & saell promotion in the flowering node

{(Barber et al., 1958; Daiton and Murfet, 1975:; table 8.3).

In LZ24, however, the time to initlation 1s not altered by the

treatment. The only congistent factor in these results is that

promotion only ccecure if Sn is presecnt. In lines carrying Sn

the young cot produces a more inhibitory ratio of the flowering
horwonas than the cotyledons {(chapter 6) this being especially
evident in lines which also carry the gene B (Murfet, 1973b).

Tt ig suggested that freatment with GA, may increase the cotyvledon-

W
:“f‘

ary influerce relative to that of the ghoot over the early stages

of growth and this leads to a promotion of the’flowerinq node and
also possgibly in the time of ipitiation in BT and some cf the

L and LHR lines. However, the reason for the small delays in

the fiowaring nodes of other L lines and all the tested ER

lines remainsg unclear. 1t appears further work on the interaction

of GA4 with the genes controlling floworﬂng is called for hefore

firm proposals as to the mode of action of GA. can be made.
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Tk

A

aphs of total nodes (wwwemew ) and number of

Yy g e g N VUt S s
leaves expanded {(~ - =)

versus aye for L24 plants

(LEf e Sn hr) exposed to continucus light and given

either no GA, (+), L0 mg of GA vior te imbibition
3 ' 3

(0, or 10 pa of GA, every two weeks (1)

. The fiowering

node (%} and time of flower initiation (. . . .) is

indicated for each treatment.
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CHAPTER

ot
x.s;)U

LTON

DISCUS

TUSETION

ALl that rerm:ing to bhé done

of the control of {lowering

Lf ¢ Sn hr. 17 e Sn Hr, 1F

on the

“
s

done ollowling pages

- %

igs.

t.)»

9.1 and 9.2.

i

o It ig hopad

prediction of the rlowering behav

BOL N 3

peas under a number of different

o5

ghould be noted that the O

mean

for a group of plants

plants.  This may

behaving diffarently to others sgi

a threshold while the others do not

The devaelopment of the model

of other workers, especially Murfet

")

as well as

3,

the experimental chapters of this

The change

peas appears Lo be
to a flower inhibiting substance

4

much controversy over this point hea

&

suggesting that only an inhibitor

AND TROPO

gr and
diagramatically i
the
iouy
anvironmantal

these

iead to

noe

GTTWJ heavily on

on the drawing togethex of the relevant result

Trom vegetative

ontrolled by the ratio of a flower

(Murfet,

neoeds

215,

o 1w

bt Xla

D MODEL

o develop an integrated model

especially ‘n the genotypes

e sn hr. This is

1y
L4

i1l

natrated

figurcs wiil erable the

of various geuotyp

conditions

represent the

Ty
44

and con

al noisa in
some plants of a genotype:

some 5l Just pass

v

(@.qg. , LbGia, 8D).

published work

the

(L97%0, <, 19732,b, 1875 3},

¥

~a from

thesis.

o reproeductive growth in

;:Y k
ped
promoting

1873i¢c, 1876)., However,

S OCOUrred, some workers

to be postulated (Paton

and Barber, 195%: RBarber, 19%5%9; Amos and Crowden, 18969; ECprent
and Beroaer, 1957) while others suggest that only a promotor needs
o be poestulated (Haupt, 1957, 1969: Kohier, 1565). The strongest
evidence for the involvemont of an inhibitor comes from the delay

in the flowering node of 58/53 guait

onpared to 58/58 self
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grafts or decotyledonised L58 plants {(Murfet and Reid, 1973),
while that for the existence 0f a promotor comes from the

¥ -

flowering of late scions in the ea?xv region when they ere

p—
@

grafted onto early stocks (Kohlex, I}Vb° Murfet, 1971c

b

Decotyledonised late vavieties still flower in the late region
although a small promotion of the flowering node is observed
which sprpears to be attributable to the redaced growth rate

of this treatment (Haupt, 196%; dMuvfet, 1473b; Amos, 1974,

chaotern T).

The vroduction of inhibitor appears to be controlied
by the &sn gene {(Rarber, 1289; Murfet, 1971bh) and éaﬁ neCur
ih both the shoot and cotviedons fMurfsc 197tc, *973L). The
expression of the gn gene can be markedly alterad by both the
pvhotoperiod and temperature. Under some conditions these
factors nav even Gliminaye the difference beltween genotyp@‘
1f e sn hr and If e Sn hr, provided appropriate genetic back-

(o

3

inactive since phot

fad

-
H
ot

operiod effects can be shown in

plants of the genotypes I1f e sn hr and 1If e sn Hr. The largest

are in the genotyry
the modification ot the sctivity of the gene sn by the oene Hr.
The difference belween the grn and sn alleles way be minor, the
activity of the product of sn being only partially impaived by
the change in the structure of the gene.

'

The genetic control of the production of promotor is

ecotyledoni

srounds arve present. The gene sn does not appear to be entirely

sed

tyre 1f e sn Er and this prchably reflects

not

known, the level appearing to be gimllar in all the genotypes used,

s

although thig dees not mean that variations in the level of

=
-
s

I}
b
ot
=

promotor production do nob occur. 5

systems described by Murfet (197la, 1971b, 1973a, 1975 ) and

of the polvgenic modifiex



Rowbraryy (unpub, ) may well act by altering the level of prom-

o

3

oter and in the Jvlure major genes affecting the level of
production may bae found. However, in several distinct areas
(e.g. enzyne polymorphisms, plant hormones, plant genetics)

workers have suggested that the more "important” a particular

enzyme, hormone or gene the less likely it is to be found

«

varying widely between individuals. Consgeguently if the
promobtoy 1< an important metabolite in the plant and is theref

i

g.ﬁ

level of

involved with its production may not be found.

Two alternative systems for the control of flowering

H-
m

saein To

once the existence of both a flower promoter and
a flower inhibitor has been established. The hormones may

cither act independently of each othes, each requiring to pass

a threshold before flowering can commence,or they may interact,

flowering not cccurring until the ratic of promotor to inhibite

passes some threshold. This latter gystem has been termed the

balance nodel by Morfet (1871c) and has been used extensively

by him. Tt has been used throughout the vresent study since it

voldved in many develommental sequences any wajor ohange in its

production may be lethal and conseguently a maior lLocus

iy

guite adeguately descoribes the experimental results and has been

shown to have wide application in the control of other developmental

gegquences in . plants (Skoog and Miller, 1957; Galston and Davi

1970) . Further the fact that altered vegetative growth (e.g.

by cotyledon removal) only wmarginally alters the flowering

gl

process in some lines would support the balance model since rgquite

large altevations in the absolute guantities of the hormones

.

would be expected. However, without a knowledge of the

"y

chemicals involved and consgequently a means of directly measuring

a 2

their concentrations it is impogsible to exclude the independent



threshold model.
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thiege levels it &l
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also alter th ging
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SPONSaS huvw heen shown to occuy in the

leaves and appear to be caused by the reduction in the asbivity
of the sn gene =8 the plant ages. The gene Hr appearvs to
reduce the size of thie response in plants carryving koth sao

and sn {(figs 9.1la and
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he plelctropic effects of the alleies
en flowering (Dalton and Murfet, 1675),

Tmen
e

the promotor to inhibitor ratio ng

vison of L3 and L6la akbove node 17 in

affect of the penetrance modifiers

n hr {Murfet, 1973b) is alsce illustrated

ith the temporary decline in the.

ratio after node 16. This reduced yratio

tower ratio of promotor to

the shoot after the senescence

nately 3 weeksg growtl. Reversion




S

to the vegetative state might be expected to occur in all the
impenetrant Loia plants at about vode 16 since the ratio of

o fall belew the threshbold for flowering

,M
-
1
o
.
('\
o
s
[
-
L
e
&y

hormoneys ie

P

(fig. 9.2a) even after allowing for developmental noise in

individual plants. Although zome plants do show vegetative
reversion it is not freguent in ilmpernetrant Lo6la exposed Lo an
8h photoperiod suggesting that for reversiocn to occur possibly

Y

either a second lower threshold reoeds to be passed oo that the

already dnitiated flower primordia produce a promotory ilevel

of flowering hormones. Suppert for one of these alternatives

comes fLrom the continued flowering (up to 40 nodes) of L63
1

olants induced by a single LD coyele whnen clearly the ratio o

ke

h

promotor to inhibitor would be expected to have fallen back to

that of the non~flowering plants in 5D. However some treatments

do cause complete vegetative reversion. For example, growth of
vernalised 163 plante at 306°C after initiation in the early
region caused the promotor to inhibiﬁor ratio to be rveduced
to such aa extent that vegetative reversion occurred in all
plants which had previously flowered (chapter 4).

The actions of the different alleles at the e and

1f loci on the model presented have not been examined extensive

during the pregsent work. The work of Murfet (1971c, 1973b) clear-

ly shows that F causges an increase in the ratio of promotor to

*

inhibitor leaving the coty edons in plants carrying Sn but

whether this is due to a decrease in the level of inhibitor

.

or an increase in the level of promotor is not known. FPlants

carrving e also appear to produce higher promotor to inhibitor

ratios in their cotyledons than in the voung shoots asg iz shown

by the increased penetyrance in Léla (I

Cflowering node In 64 (JF o sn Hr) after decotvledonigabion
2 z

" e Sn hr) and the delayed



day 5. The actusl level of the ratic produced in e

cotyledons can vary sionificantly depending on the ramaining

faxt
bt
i

genatic bac?*chnu; a5 1o shown by a cowparison of L5BZ and L6

{(both If e Sn hr)

The 1F£ locus has becn suggested to influence the

hreshold ratio of promotor to inhibitor reguired for floweving
(Marfet 1571h, 1971c, 1975 3. Foux allieles have zo far been
ideptificd at this locus and cause later flowaring in the order
157, 1f e, ned (MurFet, 197% ). At first these alleles appear
ine the lenqhh of a “tuvenile phase, plants carrying LF
not fleweving below node 11 under any environmental oy genetic
clroumsiances, those with I1F not below node 8 and those with
1£7 not below node 5.. However the Lf and 1f alleles do
arfect the sensitivity of plants to LY cycles even in the late
vegion {(chapter 3) giving support to the view (Murfet, 1971b)

]

that the locus controls a threshold that lasts throughout a

N -

plant's Jife, not just a juvenile phase. Tt is thig view that

has been taken in the censtruction of the models illustrated

Qﬁ

in fig. 2.1. Although the 4 alleles have heen drawn to

g
4 threshoclds equidistant the scale indicat2d for the

ps

..... SO S ) -
axNloLary ana i

-
P

promotor to inhibitor ratio is complete

net suggested that the 4 alieles in fact give thresholds which

LJ
S

Many of the genotypes possible with the 4 loci have
not been observed but some interesting predictions could be
made by the use of fig. 9.1. For example uudel 8D it may be

:

possible to obtain a clear segregation of the [lowering node

>

between plante possessing bhr and e on

: . . ) .
if either the »f ov nf” alleles were P



With a 17 sn: such a separation has not been
b

osbhserved (Murfelt, 1973a). However,when further resulig

are obtained thévmgéel may well need to be modified since
there are seveval areas in which little divect evidence is at
present available. Most important amongst these is the

ratio of promotor to inhibitor and itz relation to the threshold

over the very «arly stages of growth ( until the time node 10

whether seeds of genoltypes possesd

gifferent ratios of the hormones at the start of rmination iLa

not clear. However, seeds which have receilved vernalising
temporatures duoving their development {lower substantially
earlicy than unvernalised secd indicating that hormeonal
differences may coour in seeds ét the start of Ualﬁlhmiﬁ UnGar
sone conditions. It has not been possible to show a similar
carry-over cffect between seeds (of the same welght) matured in
long and short photoporiods (ReiﬁAand Murfet, 1374a). Thé
sharpness of the lower cut-off limits for plants possessing
drfferent alleles at the 1f locus suggests that if sz suggosted
the thresholds remain unchanged during the growth of a plant the

ratio of promotor to inhibitor must rise very rapidiy over the

first 2 weeks of growth, otherwise developmental noise,which clearlsy

'3

exists (c.g. Lela), would cause more variation in the flowering

nods amongst plants which flower below node 12,

The ratic of promotor to inhibitor appears to be of
ma’jor imporvcance in determining at least two other develop-
mental processes as well as the change from the vegebative
10 the reproductive state. TFiystly, it sesms to control the
developmnant of the flower buds once they have been initiated,

high ratics of prowetoy o inhibitor promoting development

(Murfet, 1071la). In the pregent work this could be seen most
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clearly in Léla plants under S conditions where the first
flower buds of impenaty ant plants ravely developed into open

flowers but those of penetrant plants did. This can readily

e explalr if it is the ratio of hormmﬁes present at the

time the flower reaches a particular stage in its development
which determines whethey further development or abortion will
oceur.  Congeguently flower buds initiated at node 12-14 would
pe developing rapidly when a tot=l of 16-22 nodes weyre present.

o
3

in L6la plants the yatio of promotor to inhibiton

g
o
r~;~
o
e
Lt
o0
54
s
o
A
Py

is guite low and conseguently abouvtion ocours  (fig. S.2a).

e

i

However, at the time {lowers arve initiated in peretrant
wlants the ratio of pvomotor to ishibitor is rising ropidly
k £ ¥

and cons thy full development of the flower buds ocours.

V
=
(T
W

e

There does not appear to be teulayr threshold of the

Tust & con-

flowering hormones required for flower development,
tinvous increase in the amount of development as the ratio of
promotor to inhibitor increases, ”“COP&I}, the ratio of
promotor to inhibitor plays a significant role in the senescence
of the plant. Whether this is purely an indirect effect caused
by the control which the ratic exerts over floral development
and conseguently seed production, is not c¢lear. It is well
established that removal of the open flowers or young pods

wii} substantially delay senescence of the apex (Lockhart and
Gottgchali, 1961) but whether this is dus to the metabolic

drain the reproductive organs place on the plant or the
production by them of hormones which control the senescence

of the plant is still debated. However, senescence of the apex
will gtill occur in ED cultivars even if the flower buﬁgyaxe
continuvally r&m@ved at-an early age. It therefore su€m$,pagsibi&
that the ratio of the {lowering hormones are dirvectly invﬁlvéd in

this process., Marx (1968, 1969} hag reported a line of peas
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{G2) which flowers at an ecarly node but when

-
AN

photoperiod develops over 50 reproductive

Jarge number »f seeds throughout this

a

(197¢) have suggested line has a 11

of 1f r Sn Hr and consceguently it would bea

fairly inhibitory ratioc of the

20 level of

.

node cnwards, This inhibitory

could be the cause of the extended

would he supported by the faclt that extens

(=28}

period with light that would increase the rat

hibitor ha shown to enhunce

ok ke de P
{(Procbating and Davies, 197%)., These resulbsg

d

£ &

of the rﬁ]dtiuﬂ ship  between programs des

flowering and the zenescence of pe It

- for both characte to be studied in

Sy

work of Marx {1968, and Murfet (1971la)

e
&
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in the welevant expevimental chapters. However, a few generalised

commnants on the waior rences of the present model from

: 4 ~ .

that of the other nador groups studying the flowering of peas

would seen warranted. Hauvpt (1969) and Koéhler (19865) suggest
late cultivars are normally autonomously determined (determination

olely by aging) while early culitivers are normally induced by

£Jor1@on containad in theiy own cotvledons. Late cultivars may
be induced by grafting to an early stock while early cultivars

may be forced to flower suternomously if

o~
o

’D
[.;

o - cotyledons

are removed at an early stage. Jlowever, since inducced late
cultivars always flower later than induced early cultivars and
autonomevsly determined early cultivars fl@W@ﬁ earlier than
gimilarly treated late cultivars il was suggested that cifferences

between the tymee also occurred in the ability of theilr apical

u

meristems to become determined. The present model is basically
similar to this with the exception that for reasons mentioned

mostulated.

&

bk 2
i

previously an inhibitor as well as a promotor

similer to the

3

z

The autonomous {lowering of late cullivars i

suggested reduction in inhibitor production by $n as the plant

ages. The induction of early cultivars by florigern contained

i

in their own cotviedons is similary to the promotory ratic of
hormones shown o be produced by the cotyledons of both ED and EX
cultivars (Murfet, 1571lc, 1973b, Reid and Murfat, 1975za). The
nost significant difference is pods*bly the suggestion that coby-
ledon removal from the early cultivar Kleine Rheinlinderin leads
to autonomcus determination oLAiiowerlnq This may be expected
if this variety is an BI tvpe but Reid and Murfet (1975a) have

-

an BD tyvpe (possibly of genotype 1f sn hr) and

shown
would expect it to be induced by a promotory level of the flowering
hormones produced in the young shoot. The large delay observed

3

by ¥éhler (1965) could be due to the poor growth = rate expectegd



under the conditions used, although undoubtedly part of the

,—fm

response ls attributable to inbibitor production by sn.

. .

The difforing abilities of the apicael meristems to be determined

is what might be expected if the two cultivars used, Aldermean and

Kleine Rheinlinderin, poss the alleles 1f and If respectively

s has been suggosted by Murfet (1976). This last point illustrates

clearly how a fulsl understanding of the genetics of a process can

lead to a wmuch clearer underxstanding of the physiology.

Barber {1959) suggested the gene &pr produced a flower

inhibitor which was competitively destroyed by vernalisation and

long days. Varietlss ceryying sn were thought to flower in the

eariy region becauge they possessed nc inhibitor, the gquestion

of a pronotor being left unanswered. & wmodel was however

presented which suggestoed a promotor ccecurred and that it was

the precursor of the inhibitor. These conclusions have several

distinct differences from those indicated by the present results.
Evidence hag been prodiuced to show that both an inhibitor and

promotoyr exist and that light operates by influencing the pro-

Wi

duction of inhibitor, not its breakdown. Vernalisation has hoen
showrn to have at least 2 modes of action, one through the ratio
of promotor toe inhibitor produced during the low temverature and

second that influences occurrvences in the shoot, possibly the

&

threshold of hormones required at the apex for flowering and/oxr

the aging process. The UMGbLﬂt work has shown no need to po stulate

a connection between the promotor and inhibitor at the biochemical
£

level and thervefore gsuprorts the evidence brougnt forward by

st such a system. The work of Paton (1967,

Amos and Crowden (196%) and Sprent (1%66a,1966L,

extends the work of Barber in specific areas and

detail here since it has




chapters.  However, the concopt

in the relevant eu

of & definite leafl requirement for fiowering in late pea cultivers

deserves further comment (FPaton, 1967, 1968). concoept g

analogous in some respects to the autonomous flowering of late

[ I A

cultivars proposed py Haupt (126%) and Kohler (1965) and to the

m
o

ohasing cut of sn activity asz each plant ages as proposed by
: -1 S iz

i
N

Murfetr (1971h}. This conceont shoald therefore he considered as

ve to the hypotheses of Haupt and Mreriet and not ag

an altoernat

;—;
io]
ot

ig approach

:

a geparste mechanism affecting flowering., Usi
the experimental reguits of Paton have baen intsrpreted using the
present moedel in the discussion in chaptere 3, 4 and 5.

Thae 1

o8

t major theory in the literature for the control

of flowering ia peas is that proposed by Murfet (197la, 1971b,

£

1971¢, 1973a, 1973b, 1975 ). This theory has been clesvly
explained in chapter 1 and wes used as the basis of the present
work. buvring the course of the wresent study this theory has been
extended substantially to include speciiic information on the
control of inhibitor production by Llight, the effects of temp-
evatvre and aging on the flowering process and the possible involy-
mert of plant growth substances in this process. These resulis
have eithey confirmed,‘ﬁr at least nolt been at wvariance with,

the model proposed by Murfet.

Although comparison of the model develoved for flowering
in peas with thosge from other species may not be of great relevance

aue to the probable separate evolutrion of the control of flowering

in_ different plant groups it would scem necessary since the
) I

resulte for otheyr species may iundicate the Limits through which

evolution has opevated and place the results from peas in perspect-

ive. Amonggt other LD plants, I know of no example where the



A%
o

genetics of flowerine and the action of photoperiod,

s

vernalisation and aging have been studiscd  in a single
pragram although the genetics of the photoperiod and

A

vernalisation reswonses have heen  studied in

el

70

R

Lolium, Hyocyamus niger, Secale (Waring and Phillip 1

e
~

¥

sz

Lunaria (Wellensiek, 1973a), Avabidopsis thealiana (Neapp-%inn, 1962,
1863), silerne armeria {Wellepsick, 19635L), Triticum aestivom
{(Keim et al, 1973), etc. Several workers have presented general

a

hailachjan,

cf the control of flowering in LD plante

1937 Borthwick et al, 1948; Tang, 1965} but these will not be

considered in detail ag thev are boased on information from several

#

different soocies with no concervted attompt to show that such a
: h : BT

Aot

fow comprehensive models

Bt
o
v

grouping of information is vali
concerning individual T species have been put forward, althouglh
netable exceontions ave Lolium terulentum {(Bvans, 1968} and
Silene armevia (Wellensick, 15690)., In both cases the models
uggo st that irhikition occurs in 8D, although only in the case
of Loclium doesg this eppear Lo be a transiccated hormone. At tho
apex in Lolium it ig suggested the inhibitor and a promotor, whicl
is formed in leaves exposed to photoperiods greater than the
critical length, interact gquantitatively to determine initiation.
In siiene, long days and bhoth high and low temperatures can
overcoms the iﬁhibitory efifects of 8D and cause initiation by
allowing the production of a flowsring promotor. ‘The varieties
of Lolium temulentewm used most frequently do not mpon& to
veraalisation although winter annual tvpes can regpond. These

few commento illustrate that parts of the models in bhoth plants

are similar to that in peas but in both cases distinct Herences

QoCour.,
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»L,‘)

plants work ote

ug<

both an active promotaery and inhibit

Pharbitis nii {(Takimore, 1969), clyc
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although the nature of the inhibitor

appear hovmonal. Agalin the control
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v, some of the most

raported in peas are found in other
In Vieia Ffapra bwolh Jday ncutral and

the day neutral types floweri
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4T

Low temperatures re

day-neutral and

the plants age., High L

flowering, and the prodacxto

+thege cond:

been suggested.

variation is present within the grou

from 10 to 70 uvnder the 8D conditions

study of 4 commercial cultivars. In
considerable genebtic variatlion occurs

avpears to be controlled by additive

Morliey, 1257) .  The strains examined

as gquantitative long-day plants

, al

able to completely overcome

suggests thres interacting processes

)

Trifolium subterraneuvm Lirgt

occurs only during the diurnal dark

P
2E5

proce ocourring at

ccourring at

quat

the requ

iy an inhibitory

low tenperabtures

high temperatures in continuous

ests that leaves possess

ory Ffunction (

G.g.

ine max {Hamner, 1%69),

b=l

trumarium (Salisbury, 1969)}

v effecte deoes not always

doss not appear to be

Lower promotor illustrating
o meang unigue.

e

similiar rezvonses to those

b

menbers of the legumincosae.

witative LD types are

o 4

g at the lowest node

in

duce the flowering node

T,
jol

come progressively more

1 "D"s
emperatures {(above 237C)

1 Qf an inhibitor under

1

Considevable genetic

p as the flowering node

used by Evans in his

Trifolivm subterraneunm

in the {lowsxring time and

polygenes (Davern, Peak and

by Evar {(19590) hehaved

&

*

though vernalisation was

irement for long-days. LV ans

control flowering in

process which

period, secondly promotive
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light.
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The first of thegse is wilar to the action of the sn

dene in peas
by Paton (196

occurs due to inare

aed promotor production as the temperature
is increased, inhibitor production not cccourving due to the
continuous light. The second process is similar to the effect
of low temperatures reported in chapter 4. The above resualis
are remarkably simiiar to those reporlted in peas bubt some difi-
erencaes have also been reported. IPor exauple, GA, promoctes

Tlowaring in some long day cultivavs of Trifolivm subterraneum

ot
-

under warm SO conditions (Bvang, 1859b), but delays 1t in long
dav cultivars of peas grown in similar conditions ({chaptexr £).

The genetic vavizability shown in the above wwo species and the

8) in the late pea cultivar Greenfeast and possikly

fart that the late habit 1s dominant to the earlyv habit in both

“

the sweet pea {(Lathyrus odoratus) (Little and Kantor, 1241) and

the garden bean{Phaseolus vulgaris) {(Yarnel, 1965) show that peas

by no means unusual in the lLegumirosae in pogsessing a large amount

of genetic vaviability in the control of floweriny. It seeums
hat sochan hich control the flowering process
likely that the mechanisms which control the flowering process

.

peas may well be a uvseful guide in examining the control of

s

flowering in other species of this family, due to the already

apparent similarities in their phvsiolog pehaviour .

e

, while the third is similar to the response observed
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9,1 The propecsed variation in the ratio of promotor
to inhibitor with age is shown for various geno-
types at the e, sn and ho loci expesed to either

an &h photoperiod (8D) or continuous

Arbitary thresholds controlled by alle

17 locus

shown. The effect of cotyledon removal
on day & (~) and expesure of the cotyledons to the

photoperiocd from the gtart oOf germination (ex}

e indicated where relevar as well asg intact

bl

plants (+) and plants with their cotyledons buried

¢

o iy e . : o n Qe
temperature of 207C is assumed.

{bur.j A



R

PR

Py

ot

«
&
v @
vs
e
©a
2
L
. e
e







RAY
I, v

H UV
If, vV

-~ f"’c KG!L

-
" o
L Y D I O D I P
e ,»Y“V‘M‘
S P e
s mrara
P
(@)
- 'y & 2
R .
L T S ¢
" » 3 2 2
/)
. V20~ e
» ~ « & a “ > < v, - . - . o & s B * o . 3 * e v v « 3 « ~ - . 1 &3 EIN * - - * - * s [ady *
e
- oo
rs
- s
L b v L L T T L T LRI SO Ee b
U, i i i
e, g % - o
e R “%‘“w T AR ;
. e LR g DR T o R JI\/ By
¢ n M sty o P IET At
- DI T e R — JV LU
o «,,a“"”(‘”«/ \/ 30/ '
/,m" 1
."J
N ~
(©)L63
A ) ¢

vy
oo

Nodes



REFERENCES

Abeles, F.R. {1967). Inhibition of flowering in Xenthiunm

pensylvanicum Walln. by othylene. Physiol.,

Lancaster, 42, 608-609.

Mdicott, F.7. and Lyorn, J.L. (1969). Physiclogy of abscisic

related substances. Arir., Rev. Plant Phvsiol |,

Amos, J.0. (1974),  The wole of the cotyledon on the flowearing

Ny

Lehaviour of Pisum sativem., A physiological cuudy.

Ph.D. Thesis, Univ. of Tas.

Aaos, J.J. and Crowden, R.E. (1969). Bffects of vernali&atioﬁr
photoperiod, and the ﬁ"“y :don on flower initiation in

feast peas. Aust. J. biol. Sci., 22, 10%1i-11023.

sarber, B.N. {(195%9). Physzsiological genetics of Pisum,XI. The
genetics of photopericdism and vernalisation. Ileredity,
13, 33-60.

Barber, H.N. and Paton, L.M. (18252). A gene-controlied

flowering inhibitoyr in Pisuvm. Nature, Lond., 169,

(S

502~-584.

U 1

Barbeyr, U.N., Jack ,on, wW.D., Mur
(1958) . Gibberellic acid snd the physliol
of flowering in peas. Nature, Lond., 182, 1321-1322,
Bernier, G. (1963). Sinapis alba L., a new long-day plant
reguiring a single photoinductive cycle. HWaturwiss.,

Bernier, G. (1869). Sinapis alkba L. In "The induction of
¥t

flowering: some case histories. {L..'I', Evans ed.)

pp 305~-327. Macmillan and Co., Melb.

Biswas, P.X., Paul, K.B. and Henderson, J.H

vthemun in relation to

BFfects of steroids on Chrys

growth and flowering. Nature, Lond.,




e
(f,\) Y a

Bonner, J. and Bonner, D. {(1%48). Tote on induction of

flowering in Xenthium. Bot. Gaz., 110, 154~156.

Bonner, J. and Thurlow, J. {(1942). Inhibition of photo-
periodic jrnduction in xanthiew by applicd zuzin. Bot.

Gaz., 110, 613-624.

Borthwick, H.A., Hendricks, S5.R. and Parker, M.W. (1948

a

v

Action spectrum for photoperiodic control of floral

; -

ation of & long-da

e
—
-
R
o

winteyr hariey {lordeum

vulgare) . Bob, Gaz.,
Borthwick, H.A., Hendricks, £.2., Schneidex, M.J., Taylorson,
R.8B. and Toole, V.R. (1969). The high-energy Light action
controlling plant responses and development. Proc. Nat.
Acad. Sci., 64, 479-486.
Brian, F.W. (1957). The effect of some microbial metabolic

products on plant growth. Sywp. Yoo, exp. Biol., 11,

b N

Brian, F.W. andl perwming, H.G. (1955). The effect of
gibberellic acid on shoot growih of pea seedlings. FPlant
Physiol., Lancaster, 8, 669681,

Brian, P.W., Hemming, H.C. and Lowe, D. (1958). Bffect of

gibberellic acid on rabe of extension and maturation of

pea internodes. Ann. Bov., 22, 539-542
hythmik als Grundlage der

pUnning, B. (1936). Cie Endogence Yage

Photoperiodischen Reaktion. Rer. Deut. Botan. Ces., 2%
590-607.

Burg, S.P. and vurg, B.A. (1966a). The interaction between
auxin and ethyvlene and its wvole in plant growth. Proc.
Nok. Acad. Sci. U.S.A., 55, 262-269.

Burg, S.P. and Burg, E.A. (1966b). Auxin-induced ethylene

3

formarion: its relation Lo flom

in pineapples.

Cathey, H.M. (1964, ocy of growth reterding chemicals.

271-302.

Ann. Rewv.




Chailahjan, M.X. Hormone

toscow, Leningrad. Acad. Sei.

M

Chailabian, M.X, and Yarkovava, L.M.

o

the flowering of the scion in

im K.A., Timivioazneva

Clay, Notes on the inheritance

characters in a cross between Ltwo varie

Jour. Pomol and Hort.

Taolation of ey

flower-inhibitory factors

from apnid

Physicl., Lancaster, 54, 893~903.

and Wilson, J.H. (1974a).

of plant development. Ann. Bo

and Wilson, J.i.

AXRCLELONn O

reproduc

(Pisum sativum L.). Ann.

Bot.,

Cooke, A.R. and Randall, D.Y. (1968).

-hylene relzasing agents for

[

D e

in pineappl Nature, Lond.

Cooper, W.C. {1941) .

.|

pinsapple

undeyr Florida conditions.

"Hortic.

th(; .

Dalton, and (1L975h) . The

Poad.

thecry of pl

P

i

Sciy,

honevydew.

Node

t.

the

§

Induced

Proc.

o
gibberellic acid and genoctype le la cry

peas., Pisum Newsletter, 7, 5-7.

Davern, C.I., Peak, J.W. and Morley, F.H.W.

]

inheritance of flowering time in

Aust. J.

Lolium

[P

Evans, T

temulentum L., &

indue

(1957) .

Trifolium su

tive photooyole.

(Moscow) ,

of

long day pl

-

ey
9.

ant

of

erilia. Tr.

Sive

gquantii

s of

rdan

ga

lower~inducing and

Plant:

of flovering

induction

218,

974-975.
flowering of.

Bla

effect of

on flowering

Tha

bterraneu

Nature,

developme

13, 149-1

ant

ni.

the

raa
B89.

a8

2=Halo~ethanephosphonic

of

2
Rt

m

Lond. ,



258,

Bvens, L.T. (1950%a). Environm C flowering in
Vicia Ffara L.  JAnn. Bot., 23, B21-546.
Pvans, L.7T. (1959L). TFlower initiation in #rifoliom

subterraneum L. T.Analysis of tha partial process

involved. Aust. J. Agric. Res., 10, i1~16.

-

Fvansg, L.T. (1980a) The influence of environmental conditiocns
cn infloraescence development in some long day grasses.
New Phytol., 5%, 163-174.

Bvans, L.T. (1960b). Inflorescence iunitiation in Loiium

temulentum L. L. Bffect of plant age and leaf area on

.

tivity to photor

eriodic induction. Aust. J. biol.

:f‘
o
£3%
—
ot
0
[
e

123-131,

on flower

Bvang, L.T. (1966). Abgecisgin i1: inhibitory

~ion in a long-day plant. 107108,

L.T. (1969). The induction of {lowering: some case
histories. Macmillan and Co., Malb.

Dvaans, L.7. (1971). Flower induction and the florigen concept.
Ann. Rev. Plant Physiol., 22, 365-304.

Evans, L.T. and Knox, R.B. (1969). Environmental control of
reproduction in Themeda australis. Aust. J. Bot., 17,
375-89.

Foruya, M. and Billman, W.S. (1864). Observations on

photometrically assayable phytochrome in vivo in

etioirated Pisum seaedlings. Planta, 63, 31~42.

ston, AWW. and Davies, P.J. (1970). Control mechanisms in

£
e
iy
W
[
St
i

plant development. Prentice Hall, Inc,

Gary W.W. and Allard, H.A, (1920).

- oy 2.
cEs of the

length of day and night and oth

envirvonment on growth and roduc

Agric. Res. 18, 5B2-605,



- -~ o o E 0y EEFTIIES S VS TR . " " n -
Gassner, G. (19318}, Beitvidge zur physiclogischen Charakteristik

sommer-

Gt re H 3,;; s 1 oz
AU CLOeR I LAY ZeN .

J.D.,

on

tight

the plumulaxr por

Physiol. ,

Greg .G, and

ory, F
of cereals
enhivyos,

Guttridge, C.4.

“ome T

Mar

it lan

Hamner, K.C.

photoper Lod

Halaay, K.

Y

e
353 o

Haupt, w. (19

o da
o e

doer BRLY

Haupt, W. (1

Pisum

Haupt, W. (1956).
dev vegetat

Hauvpt, W. (1557},

Bot. Ge

ey

vned wintevrannueile

ratt,

end
(19
i9

sy-inhibiting hoo

and
{1940
jic

(1969).

acmillan

]

nhildung

sativum

csondere der

Jeit. Bob,

O.K. and (1967y. An effeot

the production of ethylene and the growth of
tion of eticlated pea seedlings. Plant
Lancaster, 42, 1077-1080.
Purvis, O.N. (19238). Studies in 'o(nuj ation
I7, The vernalisation of excised maturs

of developing eara.  Ann. Bot., 2. 237-251,

Farther evidence for a growbh-promoting

55) .

.
o oy e
rone in strawvherry. Ann. Bat .,

612~621.

In "The induction of Flowering

(L., Bvans, ed.),

istories®,

Co., Mell.

interrels

.

mna Bo

,‘.1.

Tuction.

{(L.) Merrill. In "The induct-

v

meFOfJOC’. (1.7,

and Co., Maelb.

Intersuchungen Uber den Determinationsvorgang

+

Pilsum sativum. %.

byed

Die

7.

125-134.

472,

Bot.

deyr B

Forderung

iwven I 46, 403-407.

twi ol Planta,

RN

N1

Photoperiodischs Reaklbion einer als

1

Sorte von Pisam sativum. Ber. Deut.



s
B
<o
N

b

1. Pigsum sativum Li. In “The induction ¢

EX e
e

aupt, W. (1968

flowering: some case histories®. (L. T. Bvans ed.), pp.

bz

393408, daomillan and cn»y Malih.

Highkin, B&Ra (1956). Verpalisation in peas. Plant Physiol.,

Fy

CD

'*A“

Lancaster, 30, 308403,

Hevw, J4.C.5. and Hamner, K.C. (1967}, Studies on the involve
went of an endogenous rhythm in the photoperiodic
regponse of Hyoscyamus niger. Plant Phveiol., Lancastey

42, 725-730.,

wl
PER
[
bt
<
e
i
.
¢

Jacobhs, W.P. (1972). Rhythm of leaf development and sensi

to photoperiocdic filoral induction. Amer. J. Bot., 59

AT =A41.
dacobs, W.P. and Suther, ¥.B. {(1971). Zhe cultuvre of aplical
buds of Xxanthiaom end their use as a biloassay for flowering

activity of ecdystercne. Awer. J. Bot.,58,836-843.

P g -

]

Johnston, M.J, and Crowden, R.K. (1987). Cotyl cdnn excision

-3

and flowering in Pisvm ssiivam. Aust. J. biol. 8ol
461-463.

Jones, R.L. {1873). Gibberellins: ﬁheif physiological role.
Ann. Rev. Plant Physinsl., 24, 571-5388,

Keim, D.5L., Walsh, J.R, and McCoprnell, R.L. (I

ance of photoperiodic headir

A

response in winter oand
spring cultivars of bread wheat. Can. J. Plant 8Sci,, 53,

c

Kinet,J.M., Bernier, G., Bodson, M., and Jacgmard, A. (1973).

Circadian rhythms and the induction of flowering

Tt o

Il

Sinapis alka. Plant Physiol., 51, 528-600.

Klabas, G. (1913). r das Yerhalinis der Auss enwali iy Ent-

%

wickiung der Pflanze. 8Sitz. ber. Acad. Wiss. Heidelb,



(1658). PFlower initiation ol ste

eqg imes. Proco.

e fe

G.D. (19

Kéhiler, Physiolog

-

Pisum sativum.

Kulijper, J, and Wier LK. (1v36).

S0,

of a gubstancea Cwelr in

causing 11

ng

L),

(Glycine max

A, (1S

Lz,

-1536.

Plant Thy

Leocpold, A.C. and Guernsey, F. S. (1953).

o

in Alaska pea. 1. Bvidence as to the

Amer. J. Bot., 40, 46-50.

Latham,D. 5.1t Chemistry and

compounds. Ann. Rev. Plant Physiol.,
Lewcock, W.¥. (1$37). The use of Lene

ing in pinecapple plants. Queensl.

PINEY

Kunishi, A.%7. (19727,

of ethvliene in plant growth
Growen Substances 1970". (D.J. Carr ecd

Lincoln, R, .. and

. Mayfield,

Preparation of a floral

Xanthianm. Scoience, ; 156.

1

Little, T.M. and Kantor, J.H. (1941).

ness of Flowering in the swes

A Gottschall,

andl

Sehavt, .

11 sativaum L.
) " Ly -3 0 {3
er, ., 30Y9-3908.

aolkg

Amer.

flanzenphysiol., 573

the

Agric.

Thougl

and development.

Cunninghanm,

initiating extract

Inherit

grown with

e, | PR
Q. NOT

Ocourre

bean

soya

jatinr.

¥lower initiation

reyle

of kipetin-like

34E~3064.

18,

+to Lnduce

oy
DT R

on the

d.) pp

A, (lo6l).
from

ance of
.

Heredity, 37

Fruit~induced and

Physiol.,

earli-

Enoyel.

Tiower-

role



MoComb, A.J. and MaoComb, J.A. (1970). OGrowth subs tances and

the relation between phenotype and genotype in Pisum
sativum, ?L&mta,kgﬁf 235~245,

MoWilliam, J.R. apd Jewiss, C.R. (1973). PFlowering of .24
perennial ryegrass (Lolium perennec I,) in short davs
av low tewperature. Aonn. Boi., 37, 263-20653,

Mars, G.A. (1988}, Influence of genotyps and environment on
cenescence in peas, Pisuvm sativun L. BioSclencc, 13,
505-506.

Marx.G,5. {1969). Some photo- regponses in Pisum.

1. Puyvsiological behavicovr. Crop Sci. 9, 273276,

gy e s g A » i ST il S, b - o P e oy h f ] Pl gl
Maurer, AR., Jatfxav, D.E. and Pletcher, H.F, (19661,

Resconse of psag to en
morphological development of peas, Can. . Piant Sci.,
46, 285-250,

Melchers, G. {(1936). Versuche wur CGenetik und Entwicklungs-

physiclogie der Bluhreife. Biol. Zbl., 56, 567-570.

Melchers, G. (1937). Die Wirkung von Genen, tiefen Tenperaturern

und blithenden HFTO”fp rincern  auf die Blihreife von
Hyoscyamus niger L. Biol. Zbl., £7, 568-614.

alcehers, 6. (18363, Die Flihhormone. Beil. dtsch. bhot. Cas,.,

Mendel, G. (LB65). Versuche lanzenhybriden. Verhand,

laturf., Vexr. Brunn. 4, 3-47 (Bnglish txansl.)

Moore, T.C. and Anderson, J.D. (1966). Inhibition of the growth

of peas by tri Ma)wdle chylaminoethyl) - phosphate trihydro-

chleride. Plant Physiol., Lancastoer, 41, 238-243.

-

Moore, T.C. and Bonde, L.X, (1%62). Physiology of flowering ir

paas. Plant Physicl., Lencaster, 37, 149-153.



Morgan, P.W. and Hall, W.C. {(1962). EBffect of 2, 4 -dichloro-
P 4

phenodvacetic acid on the production of cthylene by

cotton and grain sorghum. Physicl. Plant., 15, 421428,

Moshkov, B.S. (1937}, {(Flowering in short cday plants in

continuous light as a result of grafting). Tv. priki.

%5 oy iy o 4 S BN JURN I PR b o S A 7 - Tt e g
Bot., Genet. 1 Selekts. Ser. A., Sotsialist, Rastenievodstvo

Murfet, I.C. {(1967). VYellcw rzollen—a new cene in Pisur.

Murfetr, I.C. {(1871la). Flowering in Pisusm. Threa distinct
phenotypic classes determined by the interaction of a
dominant early and a dominant late gene. Heredity, 26,
243257,

Murfet, 1.C. (1871lb). Flovering in Figzam. A three-gene systemn,
Hervedity, 27, 93-110.

Murfet, L.C¢. (1871l¢). Flowering in rVisum! reciprocal cvafts
between known genotypes. Aust. Jg‘bicl, Sci., 24, 1089~
1101,

Muarfet, I.C. {(1973a). Flowering in Pisuw. Hr, a gene fov
high response to photoperiod. Heredity, g;, 157-164.

Murfet, I.C. (1973b). Flowecing in Pisem. The effect of coby~
Jledon removal on genotypes 1 E Sn hr and IFf o Sn hr.

Murfet, T.C. (1875). Mlowering in Pisum. Multiple alleles
at the rnr lJocus. Heredity, 35, 85-98.

Murfet, I.C. {(1976). The physiologilcal genetics of flowering.

In "The physiology of the garden pea”, (J.S5. Pate and

ads. ) Academic Press, London(in press).

JLFL. Sutoeliffe

Murfet, 1,0, and Barber, H.N. {(1961Y., Effects of

.
B
o

acid and allogilbberic acid on flowering and internode-

jength in Pisum sativum. MNature, Lond., 191, 514-851%5.



Murfet, ¥.C. and Marx, G. (1976). in Plsur: COMparison
of © Goneva and Hobart systems of phenotvple classifi-

digum Nevsl

I.C. and Reid, J.5,

N

SN

cvidence that the gene

e

biol.

controls

3, 4648,

Flowe 11y Pisum:

I } ng

ol

graft-trar

677

Sel .,

Murfor, T.0. and Reid, J.B. (1974). ¥Fiowering in Fisum: the
influence of photoperiod and vernalising temperatures on

of

expression genas 17

7L, =331,

Nakamura, . Studies of

L. E&pecial report of Lab.

Tusatsu,.

K. &

Napp-Zin, (1957). Die ibhin

bei thaliana

Arabidopsis

vom Lichtgenuss der PIL

403~

S

3

lora (Jena), 144,

Tr
AN

Naop-7Zinn (1560). Vernalisa
M 14

Arabidopsis thaliana {I;.)

5h

wihrend Kililte und

e
(3

K

(1.962) .

Napp=2ini, Uber die g

©

ileses bheil A

zahl der beteiligten Fakto

163

D e

Napp-2inn, . (1963). Zur Geneti

e

Pflanzen, 38, 161-177.

Ochlkers, P. Verdnderur

nalias VO

vom Quelloagsgrad

anzei

Heynk. I

Warmabhehandlunyg.

wgen in

. o v L -y
and Sn. 4. Pflanzonphysici.,

branching in Pisum sativum

of Hort.

C: .‘ N e e e
, Shiga rorio. College,

gigkeit des Vernalisationsef

und

1 ..
Samen

nach der Kiltebehandlung.

tion, Liche und Alter bei

Licht wnd Dunkelheit

s

Planta, 409444,

S

anetcischen Grundlegen des

Chaliana.

rabidopsis

ren. 2. Vererbungslehre

kX der Wuchsformen. Beitr.

dexr Blubbereitschalft ver-

n Streptocarpus, kenntiich

7. Naturforach., 1lb,

fektes

Vernal-



nNe
fiay
3, Jw’
s

Parker, M.W., Hendvichks, 5.B. end Borthwick, H.A. (1950).
Action spectrum for the photoperiodic control of
floral initiation of the long-day plant Hyoscyamus
niger. Bot. Gas., 111, 242-252.

Paton, D.M. (19¢7). Teaf gtatus and photoperiodic contrel of

flower initiation in a late vaeriety of pea. Nature

Paton, D.M. (L¢e8). Photeoperiodic and temperature control of
Slower initiation in the late pea cultivar Greenfeasi.

hust. J. biol. Sci., 21, 609-617.

Paton, D.M. (19692). Vernalisation, photg

flower initiation in the late pea cultivar Greenfeast.

o
3
iny

rost. J. 2, 203-310.
Paton, D.M. {(1971). Photopericdic induction of flowering in

cultivar Greenfeast. The role of exposed

the late

cotyledons and leaves. JAust. J. biol. Sci., 24, 6309-61¢.
Paten, D.M. and Barber, H.W. (19535). Physiological genetics of
Pisum,T. Crafting experiments between early and late
Vde(il,u‘ Aust. J. biol. Sci., 8, 231-240.
Peterson, M.¥.. and Bendixen, L.B. (1963). Relationships of
gibberellin and suxin to thermal induvction cof flowaring

in Lolium temulentum L. Crop Sci.,

, 19-82.

[§9S]

ingle-gene dwarf

ra
3]

Phinney, B.0O., (185%6}. Crowth responsa of
mutants in maize to gibberellic acid. Proc. Nat. Acad.
Sci., 42, 135-185.

Proebsting, W.M. and Davies, P.J. (1975). Photoperiodic control

i1

of apex senescence in a genetic line of peas. FPlant

Physiol., Suppl. to 56, p.64, Abstract 345.

Purvig, 0.N. (1966) . The phys

¥neyl., Plant Physiol.,

Read, D.J., Moore, 1.C. and Anderson, J.D. (1965),

retardant B-%95: a possiblile mods of action.

1469-~1471.

logicael analysis of vernalisation.



246,

J.B., and M

3
-
L}

£
i

oo {19744y, Bffect of seed welight

on flowerino. Pisum Neweletter, 6, 41-45.

Reid, J.8. and Muriet, 1.C. {(1874b). Flowering in Pisum:
effect of 2~chlorcethylphosphonic acid and indole-~3-acetic
acid. Aust. J. Plant Physiol. 1, 591-594,

Reid, J.B. and Murfet, 1.C. (1975a). Camparison of several

‘

flowering varietics of Pisum. Pisum Newsletter,

2id, J.R., and Murfet, T.C. {1975b). Flowering in Pisum: the

o b 4 . ] . * g g [ o g g PR S A gy e e 4 P -
sites and possible wmechanisimg of the vernalisation re-

sponge. J. exp. Bot., 26, BG0-BGT.

Rodricaasn, A.G. ( . Tonfluence of smoke and ethylene on the

Fruiting of the pincspple (Ananus sativus Shult).

J. Dep. Agric. Puerto Rico, 16, 5-18.

Rowlands, D.G. {(1264). Genetic control of flowering in Pisun

cativum L., Genetica, 35, 75-%24,

Salisbuxry, P.B. (1869). Xanthium strumarivm L. In "The
induction of flowering: some caae‘hiﬁtoriea“. (L. . Bvans
ed), pu.lé~6l. Macmillan and Co., Melb.

Sarkor, &. {1858), Versuche 2u¥ Physiologile dar‘Vernaiisationa
Biol, zbl., 77, 1-49.

Sohneider, M.J., Borthwick, H.A. and Hendricks, S.B. (1967},

Effects of radiation on flowering of Hyoscvamuzs niger.

Amur. J.

Schwabe, W.W. {(1854). Factors controlling flowering in chry=
ganthemun, ITv, The site of vernalisation and translocation
of the stimulus. J. éxp. Bot., 5, 3289-400.

Schwabe, W, W. (1955). ¥actors controlling flowering in chrv-

santhamon. V.




.

Bot. .,

“P .

De-

s
4
EX

ing

Factors controll Llowering

vernalisation by low light

and carbohydrate supplv.

n chry

intensity

‘Schw&b@; W.W. [1969). EKalanchoe blossfeldiarna Poellnilz. In
"Ihe induction of flowering: some case histories™.
(L.7. Bvans ed.), pp.227-246. Macmillan and Co., Melib,
Snoad, B, end Arthur, A.E. {(1973a). Cene! studiog of

guantitative charvacters in peas. I. A gsven-parent
Ginllel crogs of cultivars. Puphytice, 22, 3727-33

2
2y

Snoad, Axthur,

of

vuphytica,

Sprert, J.1, {1966a).

leties,
of

response peas

790.

AR,

characters

Nature,

{1972b}. studies

in six-parent

cultivars and primitive .
510519,
Role of the leaf in flowering of

Load. , 10435044

I3

208,
fac

The effects of nutrient tors

,-J

.

herellic

Lo gib acl

®

Sprent, J.T. (1967). ffects of nubrient factors, water
and yrowth regulating subhstances on the vegetative

vattern of peas

Firast riower.

3

reo

sprent,Jd. 3. and

.

.

inhibitoy from 1

180, 200-201.

K. (1969},

oo
T

Takimo

¥

1 B0

floweri

e

Maocmi

Ann.

=R

fLr

Lh

and

c07~618.

Bot., 31,

(1857} . lLeaching of

ate varieties of peas.

3 T - ; s " g LEEaus! L
Pharbitis nii Chols. In "The ing

me: (L.T.

Bvans f

L

of

G'}

[

L

late

the

-
A4

30, 779

supply,

growih

-

A

0

juction

ed.), .



248,

1

Tal, M. and fwber, D. (1970). »2bnormal stomatal bhehaviour

and hormonal ijmbalance in flacca, a wilty muatant of tomato.
ITo Auxin énd abseialc acild-like activity. Plant Physiol.,
Lancacter, 46, 373-276.

Tal, M. and Imber, D, f1971). Abnormal stomatal behaviounr and
hormenal imbalance in flacca, a wilty mutant of tomato.
IIY. Hormepal effects on the water statuve in the plant,

Plant Physiol., Lancaster, 47, 8438350,

Tal, M., Twber, D. and itai, C. {(1970). Abnormal stomatal bho-

jo

heviour and hormonal inbalance in acca, a wilty motant

I

of tomato. L. Root effect and kinetin-like activity.

Pilant Physicl., Lancaster, 46, 367-1372.

i O\

Tomita, Y. (1964). Studies on ver ao”;maﬁlon and {iowering sub-

stances. IV, Bicassay on flowering activitiss of natural

O
-y

and chenical subscances by injecition into the ewpty endo-

gperm space of yvoung winter wheat seedlings,  Tohoku J.

Agric, Res., 15, 1-11.

Pournoisg, J. (1914). Sexualite du Ioublon. Ann. Sci. Nat. Pot.

(Paris) 9 ser. 19, 49-191,

{

T

72} . Phytcchrome and flowering. In "Phytochrome”.

(o

Vince, D. {1
(K. Mitrakes and W. Shropshire, Jr. eds.). Academic ¥Press,
London and New York. pp.2587-291.

Vince-Prue, D. (1975). "Photoperiodism in plants®. McCraw Hill,
London.

Wall, B., Reidg J.B. and Mur caf‘I“Qe (1674). Differential re-
gponse Lo cotyiedon YOPQVd’ and vernalisation in early
varieties. Pisum Newsletter, 6, 50-51.

Warceing, P.¥F. and Phillips, I.0.J. {1870). "The control of

growth and differentiation in plants”. Perganon Presg,

Oxford,



Warner, W.L. and Leopnld, A.C. {(1969). thylene evolution from

2~chlorvoetnyiphosphonic &@cid. Plant Physiol.

— o e L ;
Watts, L.F., Stevenson, L. and Crx

; Lancaster,

wnpton, M.J. {(1970). Inherit-

ance of flowering time in six pea cultivars (Pisum sativunm

L.} fuphytica, 19, 405~-410.

Wellansicek, S.J. (1%58). Vernalisation and age in Lunaria

biennis. Proc. Kon. nederl., 2:ad, Wet. C 61, .563~571.

Wellic

iteation.  Nature, Lond., 195, 307~308.

Wellensiek, 5. J. {196%a). The physiological effects of flower

g genes in peas. 4. Pflanzerphysiol., 60, 288-402.

Wellengiek, S.J. {(1969). Silene armeria L. In "The induction of

flewering: some case histories". (L.T. Evans ed.),
363, Macmilian and Co., HMelbh.

Wellensiek, 8.J0. {1873a). CGenetics and flower formation of
annual Dunaria. Neth. J. Agric. Sci., 21, 163-166.

Welleansiek, 2.J4. (1973b). Effects of vernalisation and

-

gibberellic acid on flower bud formation in different

po. 35

O o

genotypaes of peas under different photeperiods. Scientia

Hert., 1, 177-192.

P. and Bmith, ©.L. {(1%68)., YPr l”UTPIma of
Biochemigtry". McGraw-Hill Bocok Co.

Yarnell, S.H. (1$65). Cytogonetics of vegetable crops. IV.

[
f
.

Legumes. Bot. Rev., 31, 247~3:

Zeevaart, J.A.D. (1958). Flower formation as studied by graft-

.

ing. Meded. Landbouwhogesch. Wageningen, 5¢

S0

(3, 1-88.

fon

H

Zeevaart, J.ALD. (1962). The Juvenile phase in Bryophyllum

daigremontianum. Plantsa, 543~548.

7 irtome

suhstances which cause initiati of roots and other re-

sponses in plants. Contrib. Boyce Thompson Inst., 7,209

and Wilcoxon, ¥. (1935%). Several chemical growth

29



NDIX I

ARE

ing the raw data relating to several

Appendiyv I cont:

nts veported in the expervimental chapters. A list of the

tables and figure. contained in this appendix is given below

4

co the and Figures in the experi-

mental chapters derived from this raw data.

S PR TY T T G
Cr OPABLES

5. IN APP-

T T']i ’:i'!'

TEXT .

Table a Table 4.3 Duration of Vernallsation

Tahlis D Table 4.6

Fig. @ FPig. 2.1

A

Fig. b Table 8.4 Response of 1.64
{17 e sn Hr) to GA-,
. - ~ L ey -

AMOLC18 ana CCC.



£

node ¢

the

of

[N
e
L

1
o=

@

u

or a

ion

=
[98

a
e
o

and

9
WO

~
P

was

A

.

T30
RO

Tope

no

frter

on a

ol

70+

46 48 50

3
44

38 40 42

36

ol

5]

el

[

(48]

=

=

-

e

vl

e

4]

i

[

'

e

o

e

)
-

=

4

oy

i

4

!

Uy

45

-

4

™

[40]

4

“3
L

(a8}

ed

=d

Ly

[

Ly

4

i

jEe}

P,

'y

ov




b}

cempe

:
T a

a

%

Nl
O

s
5]

+

e
1%

22 24 26

20

5
wosd

17y

e

vt

o)

ot

¥

]

o

et

o}
sl

e

ol

[

(]

(4N

et

[ew]

e

wed

48]

vl

oy

od

pend

o4

ek

-

=i

el

oy

(e

8}

L

v

oy

FESY

o

e

o

o

e

o

o

UV 25

pd

oY

[

vt

™~

el

(4]

ed

o




L

Gt e

Fig. a The effect of age on the number of long day cycles

"l

(first cyele 32h, then multiples of 24h) required to

cange 100 pver cent flowering in lines 53 (1f e &n hr),

62 (1f e Sn Hr) and 24 (LF ¢ Sn hr). The resulrs for
lines 53 (&) and 24 (1) came from one experiment, as

well as some results for A3 (), The results fFor

3 (V) used to give the graph came from a separate

1t

€

experiment. ALl plants weve grown in SD conditions

on the trucks before and afte treatment.
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Fig. b Distribution of the node of First initiated flower

for intact or decotyledonised L64 plants (1£ e &n Hr)

either untreated (control) or treated with 10 oy of GA,,

~d

100 po of AMOL6L8 or 1000 pg of ¢CC. The photopaviod

was 8n. The meocans are contained “n table 8.4,
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Table 2.1 The phenotypes and genotypes at four loci controlling
flowering are shown for the lines used during the

present stady.

LINE NUMBER PHENOTYPE = = ‘ GENCTYPE

7 | | VET 1#® E Sn hr
8 ‘ N EI ' 1f E Sn hr
24 L. A LE e SQ hr
51y ED 1f B sn Hr*
53 L 1f e 8n hr
58 LD 1f e sn. hr
59 ' ED ’ 1f E sn hr
60 EI 1f E Sn hr
6la ‘ EI/L . 1f e ‘Sn hr+
63 LHR If e Sn Hr
64 o ED ¢ 1f e sn Hr
68 ED ' 1f e sn hr

*This line may ba heterogeneous at the E locus.

+This line possesses a polygenic background which lowers
the penétrance of Sn to approximately 0.5 under normal SD
conditions.

¢ This line possesses distinct EI tendencies.
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Fig. 2.1 Regression of tétal nodes

preseﬁt plotted against time (y = 0.50x + 6.11)

and th= number of leaves expanded against time

(y = 0.42x ~ 1.38) for L63 plants exposed.to

an 8h photoperiod on the trucks. Both regress-—

ions are significant at the 0.001 level.
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Table 3.1 Mean node of first icitiated flower +S.F. for lines
58 (1f e su ar),53 (1f e S$n br) and 63 (l1if e Sn Hr)
given 8h of white light and 16h of weak incandescent

light each day from the start of germination.

L58 | 153 L63
x % S.E. n x % 8.K. n x % 8., n
13.52 .37 19 13.30 + .36 20 12.26 .37 19




Table 3.2

65.

Mesan node of first indciated flower 4 5.8. for

Times 58 (1f e sn hAr) and 53 (If e $n hr) exposed

C %o econtinuous light from the start of germinztion.

Three separate batches of L33 sead were used.

158 153(1) L53(2) 153(2)
x £ S.E. 0 Xt BB, 1 ¥ *S.E. n % % S.E. o
10.76 * .16 17 12.28 * .37 18 13,11 ¢ .32 18 12.78 * .27 18

h
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Table 3.3 The mean‘node of first initiated flower +8.E. for lines
58 (1f ¢ sn hr), 53 (1f & 8n hr) and 24 (Lf e 5n br} with
théir cotyledens elther evvosed to the photoperiocd
from the start of germination (DO} or buried 3 cm
below the surface of the growing medium (Doo),

The plants were exposed to a photoperiod of either 18,

20 or 24h light.

Photoperiod 58,00 53,00 58.D= -53,D= 24,00

24 12,060 £ .47 12.63 + .46 10.53 £ .13 . 14.57 = .17 17.38 = ,27
20 11.63 2 .44 14,19 £ .37 10.27 £ .12 15,47 ¢ .19 17,93 & .23
18 12,27 £ .41 15.00 # .35 10.1% £ .10 15.53 % .22 19.61 * .14
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Teble 3.4 Mean node of first initiated flower +5.8. for lines 58
(1f e sn br) and 53717 ¢ Sn hr) with their cotyledons either
shaded or exposed to either an 8 or 18h photoperiocd
from day 5. The plantz were either left intact, »
decotyledonised ()., grafted on day 5 (e.g. 58/53)

or had leaf 4 shaded (L4&hy.

Photoper’od o 18 hour 8 houy
Cutyvledons Shaded Expésed ’ Shaded Exposed

X % SK n % * SE n X % SE n X% SE n
53,intact 14,29 = .16 21 12.57 ® .26 21 21.00 % .49 15 23,47 & .70 15
58,intact 16.22 £ .22 23 10.17 £ .12 24
58/53 12,47 £ .17 17 11.67 # 16 15 14.94 % .17 18 14.47 + .19 15
58/58 11.47 £ .13 i5 11,90 * .23 10 10.89 ¢ .16 18 11.33 ¢+ .17 9
53, 12.27 * .18 15 17.50 £ .49 14
58, 10,58 £ .15 24 10.38 % .25 24
53,L4Sh. 16.90 ¢ .14 20 22.28 £ .55 14




Table

3.5

P
~d

The percentage of red light to yed plus far—-red light

o,

in the light scurces used during the present study.

Rked

PR S I ————————

far-red + ved

FAR~RED

. FILUORESCENT TUBE

GRO-LUX TUBRE
INCANDESCENY BULB
PHILIPS PF712 BULB

B

89.7

89.3

97.3

44.4

43.8

Undetectakle
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able 3.6

The percentage of plants induced to flower by the
experimental treatment and the mean node of first
initiated flower ¢ S for LﬁBplaﬁts (1f e 8n Hr)
expoéed to an 8h natural photoperiod and then given
varicue combinations of bLreatments with light fram
mixed incandesgcent-filuorescent sourcaes (LY, red

2

light at an intensity of ZauW/cm (R}, red light at

an intensity of Sﬁmw/cmz (v}, far-red light {¥R),
blué‘light (B} ox darkness (DY during the remaining
16h each day. The length of exposure each day co
each treatment is indicated in hours preceding the
treatment symbol. The age {(in déys) of the plants

at the completion of the experimental treatment is

also given.
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EXPERIMENT TREATMENT % FILOWERING FLOWERING AGE
NODE
{(¥15.E.) n (days)
1 161, . 100 14.52%.25 21 56
1 16R 100 28.21%.50 19 56
1 16FR 100 18.18%,54 17 56
1 16B 0 42.89% 40 19 56
2 16L 100 14,83%.51 12 61
2 7D ZR 7D 100 23.63%,35 19 61
2 7D 2FR 7D 0 45.33%,.8¢ 18 61
2 16D 0 48.00%,96 15 61
3 161 100 18.83%,17 12 52
3 7D 1R 8D 100 27.95% .46 19 "2
3 8D 2FR 6D 25 49,9232 .24 24 52
3 7D 1R 2FR 6D 100 31.60%.2¢ 20 52
3 16D 0 57.13+2.83 8 52
4 161, 1¢0 17.25+.13 4 41
4 8D 8x 100 21.10+,24 21 i
4 B8FR 80D 29 41.00%2.00% 21 41
4 BFR GF 100 19.95%.,15 21 41
4 16D 0. 44.83%21.02 12 41
5 16L 100 14.75.41 8 45
5 8R 8D 11 45.95+1.52* 19 45
5 8D 8FR 58 33.6722.17% 21 45
5 B8R BFR 11 45.,37£31.43% 19 45
5 16D 0 52.83%1,25 o) 45
6 16D 0 51.38%1.96 1. 64
6. gFR 8D 53 39.41%1.69*% 17 o4
6 8§D 8FR 100 25.71% .67 14 64
6 AT; 8FR 4D 140 29,24%.79 17 64
7 161 100 19.14%,34 7 63
7. 7.750 .5R 7.75D 100 31.87%.32 23 63
7 7.75D ,Z25R 8D 27 52.50%£2.19% 22 63
7 7.75D J25RY 8D 100 32.75%.59 20 63
7 16D 0 63.18%1.08 11 63
8 8R 8D 85 38.,70%2.30% 20 60
8 4R 2D 2R 8D 73 41.64%2,80% 22 60
& 2R 4D 2R 8D 100 31.67+.37 9 60
8 6D 2R gD 100 26.63%.37 i9 60
a 16D 0 64.22+2.96 9 60
8 161 100 14.,91+.16 11 60
* This flowering node is the mean for all plant

given a particular treatment.



Table 3.7

71.

The mean node of first initiated flower +8E. Ffor

o
(e
ho

lants exposed to an 8h photoperiod and then

+
=
&)
jor]
2}
Hh
®
=
=9
®

ad each day to dark compartments and given
either 16h of light from incandescent bulbs of 4

different intensities or 7.5h of darkress, 1h of

2

red light at 4 different intensities followed by

a further 7.5h of darkness till day 60.

INTENSITY CONTINUOUS INTENSITY i HOUR PLASH
( pW/cmz) ( PW/sz)
of YWCANDESCENT ¥ + S5.E.. n ‘ X t S.E. T
8,200 14.08%.25 24 56 25.,55+.41 20
1,800 14.87+,17 23 20 25,23%,.32 15
200 15.36%.36 22 5 24.47%+.24 15
60 67%.54 18

15.25%.35 24 1 27.
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Table 3.8 The mean node of first initiatedfflower + SE, for
L63 plante exposed‘té an 8h photoperiod followed
by either 16h of light or 7h darkness, 2h light,
7h darkness. The light was provided by either
Philips PF712 bkalbs, incandescent bulbs, fluor-
escent tubes or gro-lux tubes at the intensity
specified. The age of the planﬁs at the complétion

of treatment was 52 days.

LIGHT TYPE INTENSITY CONTINUOUS 2 IOUR FLASH
%+ S8.BE. n ¥ + 8.3 n
RUBY-RED 800 flx»:/cmz* 17.33:.19 21 23.33%.20 21
TNCANDESCENT 200 ip’.ﬂ?/cm?' 15.65+.13 20 21.81+.29 16
FLUCRESCENT 95 fu?@/cmz 23.18%.20 17  24.48:.20 21
GRO-T.UX 20 uW/cm®  23.20%.19 17 25.16%.31 19

. . _ | 2
* In the continuous treatment the intensity was only 300 pW/Cm .
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Table 3.9 The percentage of plants induced to flower by the

experimental treatment and the mean node of first
initiated flower - S.E. for L63 nlants expesed to
the varying cycles of white light (L) and darknes
indicated in the treatment column. The duration
each treatment is indicated in hours preceding th
treatment sympol. The light was from a mixed
incandescent~-fluorescent source. The nunber of
plants scored (n) and the age at the start and

finish of the treatment is indicated.

s (D)
of

o
<

Experiment  Treatment Percent Flowering node Age (daysj
Flewerdng =, s.p. n Start  Tinish
9 12L 12D 15 45,31 £ 2.01 13 46 53
9 241 24D 100 26.80 % .49 5 45 63
9 36L 36D 100 26.88 + .35 8 46 63
9 'BL 16D 0 46.38 % .78 8 46 63
10 121 12D 81 41.50 £ 1.77 20 50 71
10 12L 24D 0 57.72 % .99 18 50 7
10 12L 36D 0 53.77 # 1.88 13 50 70
10 121 48D 0 55.84 % 1.24 19 50 70
10 12L 60D 9 51,11 ¢ 1,82 3 59 71
11 41, 6D 2L 12D 0 57.89 * .87 19 29 45
i1 4L 8D 2L 10D 0 59.29 = 1.18 17 29 45
11 4L 10D 7L 8D 100 34.60 = 1.05 20 29 45
11 8L 6D 2L 8D 100 26.00 * .22 20 29 45
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Table 3.10 The percentage of L62 plants induced to flower by

»

either 1,2,3 or 4 LD cycles (first cycle 32h, then
muitiples of 24h) after exposure to cycles of
varying lengt%g (indicated in hours) of light (L)
and dark (D) from the time the shoot emerged until
day 29. The light was from a mixed incandescent-
Zluorescent source. After exposure to the LD aveles

the plants were transferred to SD conditions on the

trucks.
TREATMENT Number of TD Cyvcles
1 2 3 4

% flowering mn | % flowering o {74 f£lowering n Zflowering n
121, 36D 0 25 0 24 19 26 44 25
i0L 12D 2L 24D 0 24 16 25 46 26 88 25
10L 24D 21 12D 0 24 - 33 | 27 56 29 ¢ 89 27
10L 30D 2L 6D 0 24 11 27 41 27 69 29




Fig.

3.1

The eifect of age on the number of LD cycles (first
cycle 32h of light, then multiples of 24h) requirer
to irduce 50 paer cent (solid lihes) and iOO per cent
(broken lines) flowering in lines 53 (If e Sn hr),
63 (1f ¢ sn #Hr) and 24 (Lf e Su kr). The points
have keen interpolated from the raw data of two
separate experiments. The plants were grown in an
8h photoperiod on the trucks before and after treat-

ment.
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jas

Mean node of first flower ﬁS.E. for 163 plants
exposad to 12, 13, 14, 1%, 16, 18, 20 and 2Z4h
photoperiods from a mixed incandescent-fluorescent
source at a temperature of 1?.5?@. Under the 13h
photoperiod only 8 plants (36%) were induced
before the completion of treatment when 25.?4i.23
leaves were expanded. The point for 13h on the
graph comes only from these 8 plaﬁts. No plants
were induced to flower in the preéent experiment
by a 12h photoperiod. The minimum number of

plants scored per treatment was 16.
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9.

Mean node of Tirst initiated flower + S$.E. for
plants of L53 (1f e Sn hr) and L58 (1f e sn hr)
grown in a photoperiod of 18h (P18) or continuvous
light (P24) and given the following treatments:
seed planted (buried) in *he usual manner (C):
the ¢otyledons and shoot exposed from day 6 (D6)
or from the start of germination (DO} : .embryos
excised from the cotvledons 18~27h from the

start of imbibition, the appropriate plhoto-
period applying from the start (E). FEighteen

rlants were used per treatment.
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81.

Regression of mean flowvering node foi the progeny

of L53 plants (1f e S$n hr) plotted against the

flowering node of the parent (y = 0.21x + 8.32).

All plants were exposed to continuous light from
the start of germination. The slope of the
regression ig significantly different from 0

(at the 0.05 lewvel).
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Regression of mean flowering node of progeny
of %53 plants (1f e Sn hr) plgtted against the
flowering node of the parent (y = 1.15x + 10.38).
The parental plants were exposed to continuous
light from the start of germination while the
progenias were exposed to an 8h photoperiod.
The slope of the reogresgssion is significantly

different from € {(at the 0.01 level).
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Fig. 3.6 The mean nnde of first initiated ¥ g.m. for
L63 plants (1Ff e sn Hr) exposed to an 8h photo-
pericd followed by a 16h night interrupted by 2h
of red light after either 4,5,6,8 or 10h darkness.
The plants exposed to‘éh darkness vrior to treat-
vent with red light did not initiate uantil after

transfer to a long photoperiod.
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Table 4.2

117,

The number of .63 plants falling into the low
or combined middle and high regions after being
exposed to 0, 1, 2, 3 or 4 weeks vernalisation

from the start of germination followed by Sb

conditions on the trucke.

Vernalisation Number of plants per clagss
(weecks) . Low - Middle and High
0 0 22
1 1 19
2 3 18
3 4 leé




118,

4.3 The numbar of decotyledonised L63 plants falling
into the middle and high regions after 0, 1, 2,
3, 4, or 5 weeks vernalisation either from the
start of germination or after 24 days growth.
The photoperiocd was 8h.  The cutoff between the
classes was alt node 40, the distribution cf the
fl@wering ncdeg being given in Appendix 1.
Vernalisation From day 0O From day 24
mmber cf plants number of plants
(weeks middie - h;.g;h middle high
0 ¢ i8
i 0 18 1 14
2 0 18 8 10
3 12 8 16 2
4 15 ! 14 3
5 19 0
y ) & o



Distribution of the node of first flower for L63 treated as follows:left unvernalised (UV)
or vernalised for 4 weeks from either the start of germination (VI-&)}, after 4 days growth

{(V5-8), 8 days growth (V2-12) or 12 days growth {(V13-186). The photoperiod was 8h.

i1 12 14 18 1

(€]
O]
<>
[
o
8]
>
[\
[#)
(R
o
L
o
(98]
]
[§V]
W
(93
431
[#3]
o0
i
<
W
N
o
o
o
[9)}
IS
W

-
frnct
(o)
[¥3)
]

|

i
o

D
B
w
o
3]
V]

i

I

I

§
N

i

t

- 2 5 6 - - 1 3 4 4 3 2 - - - - 1 - = =
- - - - 1 - - 2 & 8 $ 2 - 1 - - - - - -
- - 1 - - - 1 4 2 11 8 - - - - 1 - - - =
- - = = - - - - & - = - - - - 1 3 7 1 2

TRTT



.

a

ol
weres

i
or
1zles

v
b

a
h

0w

or

rucks
C in growt

- v
«rd
R

g

e

-
o4

O

£
L2
ve

o

Lon o=
)
i
-
1
oo
T

1)
)
£
sl B 9]
PO B ¥
43 o

[OREN £
-
@ o

o
2 o
spe

Ly

S
g
v 4
- i
e plum
treatments

a
=1
:}_ t

unt

)

ived on 8h

1 plants recei

ak

ion of these

.

-

complet

the

13
o

43
48 50

44 46

42

i

o

flowe

first

de of

i
i

-

X

15 1& 17 18

i3 14

e

s
wf

(42

i

Bt
[
[l

r

e

E4
o

~

[Xe}

=1

e

-
v

)

is

L]

B
™3

-

58]

(Lo

ar

)

]

1

st

i2D

e

3D

6D

ot

18

o

A

N




Table

1.6

The number of plants falling into the low,
middle and high regions for L63 plants given
either 4 weeks vernalisation (V) or no vern-
alisation (UV) followed by 2 weeks at either
10, 15, 22, 25 or 3190 before transfer to
normal temperatures on the trucks. Node 17
was used as the cutcoff between the low and
middle regions and node 38 between the
middle and high regions (for distribucion
see Appendix 1). The photoperiod was 8h.
The percentage of plants flowering in the
low region which showed vegetative reversion
and the average number of nodes of this
reversion are indicated.

Temperature Number of Plants % Av., length

: Rever- of
sion Reversion
o - . .
C Low Middle High
10 2 15 -
uv 15 13 -

20 15
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Table 4.8 Distribution of th of first initiated flower for L63 plants grown on the trucks
from seeds that were exposed to 7.5°C or to normal growing temperatures {(approx. 26%¢
from t time of fertilisation to maturity. The photoyericd was 8h.

Node cf Tirst flcwver
TREATMENT 11 12 13 14 15 17 18 1% 20 22 24 26 28 30 34 38 42 46 50 54
- .-“O -
7.5 4 3 0 1 1 1 1 2 - - - - - - - - - - -
0
207 - 1 1 - - - - - - - - - - - - - - 1 4 3

RXAR



24

124,

Pig., 4.1, Mean node of Fixst initiated flower (+8.E.) for

intact, decctyledoniged (-cots) and grafted plants

of lines BE (if e snw hr) and 533 (1f e Sn hr)

either vernalised (V) or unvernalised KUV}. Grafting
and cotyledoi removal were performed when the
epicotyl reached a length of 1-2 cm. The photo-

period was &h.
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Table 5.2

The maan node of firet initiated flower + S.E.

for lines 53 (1f e Sn hr) and 63 (1f e $n Hr)

and the grafts 53/53, 53/63, 63/53 and 63/63.

The photoperiod was 8h and the grafts were per-
{about 9

formed after 28 davs growth leaves expanded).

STOCK ¥ + S.E, n| x 4+ S.E. n|x 4+ 8.E. n

HCION
L53 L63

INTACT

L53

L63

.25 4{20.50+

>

N
(78}
o

20.33+ 1.26  6€|50.33+




Table

I

D e

3

146.

The mean node of first initiated flower +5.E. for
grafts between L53 plants (lf e Sn hr) of three

ages; young plants (¥) being 5 days old, old plants
(C) being 24 days old and flowering plants (F) being
477 days old at the time of grafting. The photoperiod

was 9h.

STOCK

SCION TNTACT

Y
[4p]
e
.

oo
Mt
5
93}

.

-t
=

e

oo

20.72

1+
»

N
O

25 22.86 * .53 22

e
B
(o))
<

=+
2
g
ot
<

12.86 + .43 21 20.33 £ .11 18 22.86 * .59 7
11.59 + .18 23 e 20.60 * .68 5




Table 5.4

147.

The mean node of first initisted flower (FI)+S5.E.

sueber of leaves expandad after 45 days growth

(LE)+S. B, and mean adjusted flowering node

(Adg. P'LY + 5.8, for

b3
gither left intact or
3 to 7 or 3
6 to 9 on

expanded {cont.). The

(1f e

defoliated at

to 9 on day 26 or defoliated

26 and at gubseguent nodes

photoperiod was 8h

nodes

Sn hr) plants

6 to 9,
at nodes
as they
and n

/

. CHARACTER

INTACT 6 to 9 3 to 7
XES.E. KES LT, X18.8.

wiow
o

w3

"

)

]

CONT.

xi5.E.

FI

LE

ADJ. FI

+.22 23.60+.57

16.65+.31

23.22+.33

21.42+.37
14.53+.26

22.61+.57
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Table 5.6

149.

L63 plants (If e Sn Hr) were oither left intact or

defoliated at either nodes 3 to 8 (~3 to 8), 5 to 10

or 3 to 10 after 29 days growth. The percentage of

plants induced to under continuous D

.. .
Elower (%2}

conditions {8D) or after 1,2 or 3 LD cycles (first

cycle 32bh, then multiples of 24h of light) iz

-3 to 8
-5 +o 10

-3 to 10

indicated along with the number of plants used (n).
SD - 1L 2L 3D
TREATMENT % n % 0 % n % n
INTACT 0 2 15 13 100 15 100 11

0 11 0 14 92 12 100 11

0 11 0 12 27" 15 100 14
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PTable 5.8

CHARACTIR

151.

' »

The mean node of first initiated flower (FI)

+ 8.8, and numbeyr of nodes present when ileaf 10

camwe free of the stiples (TN) +8.E. for L53

P

v

plants (IFf e &n hy) exposed Lo an 8l photoperiod

("t

and either lef

(Docot  5).

INTACT ’ DE

X - H.E. n % - S.E. 11

I

TN

23.00 + .83 12 17.50 + .43 14

+
L2
{2
(=Y

19.17 4+ .17 5 17.67

‘vointact or decotyledonised on day 5
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Table 5.2 The penetrance, mean node of first ti flower % S.E. for plants flowering in the
early i{nodes 10-17} and late regilon nodes 18-34), the length % S.E. and number of
leaves expanded * 8,.8. for Léla (If e Srn hr) plants given the various en m i
and chemical treatments indiiated. Cortrel plants were given an 8 It pho n
the trucks, these conditions applying to all other treatments apart from ble
indicated. Vernalisation (V) and continuous light (LD) were given from ! £
germination while &ecotyleéonisaiion {decot) was perfo 3 days 5 and odes
between which the length measurements were taken and ti at which t of
ieaves expanded was recorded varied from experiment to ent, but p £al
evidence as to the relative wvigour of the variocus trea within a sin iment
. Tlewering Nods
Experiment Treatment Penetrance -
Barly Late Length Leaves expande
X + S.E. n x *+ S.E, n ; ¥ S-E. X ¥+ S.E.
1 BEI parents .68 14.81 + .44 16 28.03 + .2¢ 30 14,18 + .17
1 L parents .80 15.00 + . 2 27.97 + .3%2 38 13.33 + .16
i intact, UV ‘
1 intact, V¥ 0 12.33 + .11 46 - 0 14.45 + 17
1 decot, UV 1.00 - 0 24,19 + .23 43 .34+ .18
1 decot, V - 17.39 + .14 46 - G 4,38 + .08
2 control .25 13,38 + .30 24 26,13 + .81 8
2 532 1.0 - 0 26.50 + .33 18
2 D G 11,87 + .14 30 - 0
2 v 0 11.77 + .11 30 - G
2 decot 1.00 - o 21,03 4+ .20 29
2 Ethrel .01 i5.60 + .63 5 25.985 + .61 22
3 control .60 14.25 + .5 12 Z5.33 + .23 18 2.42 + .14 12.87 + .1l¢
3 Ethrel .01 mg .70 14.91 + .3 11 25.8%5 + .32 19 7.38 + .14 13.90 + .15
: - - - - et
3 Ethrel .1 mg .83 15.17 + . 5 26.33 + .24 24 6.30 + .13 13.20 + .15 N
3 Ethrsl .48 mg .90 15.33 + . 3027.04 = .31 26 5.%7 + ,13- 14.03 = .13
4 control . .55 14.50 + .14 i4 29,11 + .35 17 £.30 + ,09
4 ARA 10 e .48 i2.57 4+ .45 14 28.85 + .B1 13 3.95 + .12



Table 6.2 (Continued)

Experiment Treatment Penetrance - -
. Early Late Length Leaves expanded
X + S.E. n x + S.E. n x + S.E. X + 2
5 control .72 14.69 + .30 16 28.93.+ .35 42 3.83 + .05
5 ABA 20 ug .66 13,20 + .44 16 27.00 + .67 20 3.24 + .16
6 control .33 13,10 + .28 20 22.50 + .37 10 4.50 + .13 24,60 30
& Kinetin 2¢ ppm .52 12.27 + .38 11 22.%2 + .40 12 £4.67 + .18 232.78 45
6 Finetin 100 npm .44 11.e3 + .20 14 22.e4 + .58 11 4.55 + .1z 24.04 42
7 control .25 11.78 + .26 i25.33 + .37 9 7.20 + .10 9.8% + .02
7 Ga 10 ug .37 1z2.1¢ + .27 22 26.5¢ + .40 13 29.83 £ .79 11.17 + .13
7 AM0 100/ug 44 11.83 + .22 18 23.33 + .26 14 4.62 + .08 .45 + .10
7 cce 106 pug .17 12.07 + .18 29 24,17 + .79 6 6.67 + .11 9.77 + .08
7 CCC 500 pg .29 12.21 + .29 24 25.70 + .40 10 G.241 + .10 9.91 + .09
3 control .53 12.60 + .40 15 26,65 + .31 17 7.57 + .10 20.84 + .13
8 Androsterone 1 mg .70 12,44 + .18 8 25.32 + .32 o1 7.28 + ,2C 21.14 + .37
2 Cholesterol 1 mg .70 12.67 + .37 9 25.76 + .30 21 7.02 + .18 21.00 + .31
8 Estradiol 1 mg .56 12.21 + .30 14 26.13 + .49 6 7.33 + .15 S0.72 1+ 57
g Progesterone 1 mg .75 12.80 + .80 5 26.07 + .26 15 7.29 + .12 21.19 + .46
9 control .87 12.67 + .21 6 26.34 + .32 40 5.23 + .07 22.46 + .23
9 SX¥7957 1000 ppm 1.00 G 25.39 + L4720 4.17 + .14 21.25 + .33
10 Massey BExtract .89 15.17 + .48 6 23.14 + .23 50
10 sreenfeast Extract .82 15.40 + .27 10 22.96 + .22 45
11 light seed .63 13.64 + .47 11 25.79 + .4z 19 3.70 + .11 7.73 +
11 heavey seed .50 14,37 + .48 14 27.21 + .66 14 3.73 + .10 3.64 +
12 Aguascl .29 13.55 + .26 22 27.22 + L8R 3 8.05 + .23 2.09 +
12 Hoaglands .31 12.55 + .25 20 28.11 + .26 9 8.35 + .11 7.96 +
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Tabie 7.1 The mean node of first initiated flower iv .58
(1f e =sn hr) plante germinated either in vermiculite
(contrels), on cotton wool in open or clogsed Petri
dishes, or in vermiculite and treated with TAA.

The plants were exposed to continuous light,

Experiment 1 Experiment 2

Treatment %t S.E. o Trestment x * S.E. 1
Controlis 9.72 £ 0.11 18 Controls 16.00 * Q.10 s
Open Yetri ,

dish 10.50 % 0.27 16 Siug 1AA 9.93 # 0.07 15
Closed Petvi

dish 10.83 % 0.34 18 SO/ug 1AA 9.7% £ 0.11 14
1 mg TAA 11,40 % 0.40 10 50G/ug 1AA 16.42 2 0.25 14
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Table 7.2 The mean node of first initlat

£

flower +5.E. for

4
]
jod)

lines 58 /1f e zn hr), 53 {(1f e Sn hr) and 63

e o
4

e Sn Hr) grown under continuous light from the

Foi

{
start of germination. The seeds were germinated in
Petri dishes on cotton weol soaked in water ()

or aqueous solutions of 2, 20 or 100 ppm of Ethrel.

L58 L53 1.63
S.E. I S.E. n

+
M
P
w
@
=]
»
!

Treatment b

G 11.53 % .41 15 12.94

P+
Lo
o0

18

[y
b
»
!
ur
[N
.
(]
-t
[es)

fan b
e
oD
<o
[

2 ppnm . .34 12 14.12

4
w
L

17 - - 0

20 ppm 14.33 £ .36 15 14 .61

3
.
oy
o]

18 14.50

[N
.

L
~3
o

100 ppm 14,92 % .15 12 15,06

-
B
ot
~
IR
(2]
s
w
£n
]
e
(%31
<O
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Table 7.4

The mean node of first iniﬁiat@d flower (FI}+S.E.
and the length between nodes ) and 6 {(L1-6)38.E.
for lines 58 (if e en Lr), %9 (1f B 51 hr) and

68 (If e sn hr)} trested with cither 0 or 480 pg

in the internode

Ethrel. Tha percent decre

length caused by RBthrvel treatment is also indicated.

The plants raceived corncinuvouvs light from the time

the plumules broke the surface of the growing medium.

Character

Treatnent

1.54 159 LeR
x * S.F. a ® kX B.B. n ¥ %

5B, n

Percent
decrease

BN
o
o

-
&

]
£~
-l
[
B3
ot
L)Y
@€

17 7.99 &

5%
»

(ot
<

9.82 + .25 iB 11.77

5.06 10 4,58 2

14
.

N>y
~&

52 . T43

L
e

L0818

.18 18

.10 18




Table
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The mean node

nf first initiated flower 4 B.FE. for L7
plants (1f° & &o hr) either left intact (C)

decotviedonized on day 0 (Decot 0) or day 5 (Dezot 5)

or treated on © with 180 pig of Ethrel
prior to germination (Bthrel). The photoperiocd wes

8h.

Decot O Dacot 5 Bthyel

o -~ " - - 5 -
S.0, nix- B5.0. n ojx-~- .1, 43

.

b

el
1

is by.art L3110 210 6.43~ .14 14 | 7.36- .17

},._!
=%




Tabhle 7.6 7Thoe percentage of L63 (F e &n Hr) plants induced
L w i
to ilower by 1 long day (LD) cycle (32h of light)
after treatmeni with elther 10 ﬁu‘of ethanol {2}
or 10 xal of ethancl containing 480 ag of Dhhrel
P '{ .J

on eltiner the first or second days before the LD

or third days after the LD cyceles (treatments -1,

-2, 0, 1, 2 and 3 respectively). A further grcup

? received 480 ug of EZthrel on =ach of thes 6

s

SRV
aye

The photoperiod was 8h.

cycla, the day of the LD cyale or the first, second

Parcent
flowering 89 g8 100 a3 88 92 100 8%

13 12 7

Ha
b
o

n 19 L7 17 14




Table

peak recovded
gas
£
L5
Bthrel.
1ig
carrvied out,

mean

table

7.7 The

chronatography.

(1f e Sn hr)

ht (LD)

reading of

Il
(014

Both

"I T

e

ilmi samples

the ethylene

examined usin

|8

;—‘x

.
3

The ailr samples cene from sealied

colutions
photoperiod

- |
used.

air

asks containing no plantsg

e o
S5

(aix), L58 (1f e sno hr)

Thrae

2 ox L0 pom of

4

(D) and continuous

2nara te runs were

ch figure in the table being the

nples for one flask.

Treatwent

Run 1

Run

~
Lo

kun 3

Aix

L53,8D

L58,5D

153,10

Ethrel (2 ppm)

Ethrel (10 ppm)




'} 0D
ekt e &

LEFect of Bthrel on the mean node

flower »f LS8 (1F e gn hr) plants

on cothon

shos

}-h

Petrri d

twice the standard errors; n = 1

exposed to continuocus light.

doal

wool . Vert

o,

initrated
germinated in opan
indicate

bars

The plants were
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834

12
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e
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y

A . & ]

10 20 40

Ethrel concentration (p.p.m.)



ot
=4
:,.J ~

5

Regression of the mean flowering node of progeny of
L4 plants (If ¢ sn Hr) plotted against the flowering

node of the parent (y =0.50x+ 7.53). Both the parents

T

and progeny were esxposed to an 8h photoperiod and were

treated with 480 wmg of Ethrel on the cotvledons prio™
¢

D

to g

IS

ermination. The slope of the regression is signif-

icantly different from 0 {(at the .05 level).
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Graphs of total nodes («——mwwm) and number of

Jeaves expanded (-~ ~ -) versas age for L24 plants

(L e Sn hr) exposed to continucus light and given

either no sAy (). 10 ug of GA4 prior to imbibition
{0} ox 10 pg of GAy every two weeks ()

node (%) and time of flower initiation {. « . .) is

indicated for each treatment.

). The flowering
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Fig. 8.2 Craphs of total nodeg (cwmmewe— ) and number of leaves

expanded (-~ -~ -) versug age for L24 plants (Lf e Sn hr)

cexposed o an 8h photoperiod and given either no Ghq{+},

10 pg of GAg prior to germination (0) or lO}mg of Ghgy
every two weeks (. The flowering node (x) and time

s

g indicated for eacl

of flower
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2.1

The proposed wvarilation in the ratio of prowmotor

Lo inhibitor with age is shown for various veno-

]

at the e, sn and hr loci exposed to either

an 8h photoperiod (90} or continuous Light (LD).

o
~
e

o
o

PN
t

ary thresholds controlled by alleles at the
17 locus ars shown., The effect of cotviedon removal
on dayv 5 {~) and ezxpoesuxre of the cotyledons to the

photoperiod from the start of germination (e

are indicated where relevant, as well as intact

pilants () and plants with theiyr cotyledons puried
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{ur. 3. A mean temperature of 207°C is
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Fig. 9.2 ‘The proposed variation in the ratio of promotonr
inhibitor with age for lines 6la (1Y e Sn hr),
53 (iF e 8n hr) and 63 (I1f e &n Hr) and given either
vernalisation (V), vernalisation followed by
treatment at ¢ (V,30) or no vernalisation (UV).
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